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INTRODUCTION:  THE  PRESENT  STATUS  OF  THE 
SEWAGE-DISPOSAL  PROBLEM 
ACKNOWLEDGMENTS 

By  WILUAM  T.  SEDGWICK.  Diwctot 

With  the  appearance  of  a  fourth  volume  of  reprinted  papers  from 
a  Sanitary  Research  Laboratory  and  Sewage  Experiment  Station  origi- 
fselty  endowed  for  three  years  only,  the  question  will  naturally  be  asked, 
I)  the  sewage-disposal  problem  moving  towards  a  final  solution  ?  Or 
b  this  problem,  like  the  problems  of  the  origin  of  life,  of  the  antiquity 
of  man,  of  (he  age  of  the  earth,  and  of  the  constitution  of  matter,  simply 
—other  wi!W*the-wisp  which  recedes  as  fast  and  as  certainly  as  it  is 
approached  ? 

To  this  question  we  may  reply  that  the  investigations  of  the  last 
lew  yearn  enable  us  to  affirm  without  hesitation  that  real  progress  has 
actually  been  made,  and  practical  results  of  far-reaching  and  permanent 
importance  have  already  been  reached ;  for  whereas  twenty-five  years 
ago  very  little  was  known  either  about  the  nature  of  sewage  or  about 
sta  purification,  and  sewage-disposal  was  almost  everywhere  a  purely 
ajajpsrkal  process,  we  have  now  reached  a  point  where  any  community 
can  deal  with  its  sewage  in  at  least  one  of  several  ways,  according  to 
its  needs,  and  dispose  of  it  at  a  reasonable  cost ;  and  this,  too,  without 
discharging  upon  the  territory  of  its  neighbors  or  into  harbors,  estu* 
ansa  or  other  water  courses  more  than  a  minimum  of  objectionable 
polluting  materials* 

The  opening  paper  of  Volume  II  (1905)  of  the  present  series 
consisted  of  a  minute  and  careful  survey  by  Professors  Winslow  and 
Phclp*  of  all  that  had  hitherto  been  done  establishing  or  tending  to 
saatafcsssh  upon  a  scientific  foundation  the  theory  and  practice  of  sani- 
tary and  ecnnomicaj  sewage-disposal,  A  Urge  mass  of  material  was 
digested,  import  am  conclusions  were  drawn  as  to  the  worth  or  worth* 
teswaes*  of  various  procedures,  and  some  of  the  paths  were  indicated 
afcaag  which  new  and  promising  investigations  needed  to  be  made. 
2fe  eisdeac*  was  found  of  any  tendency  towards  new  difficulties  in 
the  way  of  sewage  purification  due  to  unforeseen  characteristics  of  the 
amswscipai  sewages  of  American  cities,  and  no  changes  of  condition  of 
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sewage  in  general,  excepting  chose  dae  co  :i:«:riia3i:iir.  concenrration 
or  arising  from  the  wastes  ot  special  industries  .n  particular  places. 
The  sewages  of  dLrleren:  :ities.  ever,  in  one  Scare.  d:rr\ir  indeed  to  an 
important  extent,  but  yet  as  a  rile  not  so  wideiy  as  to  infect  qualitatively 
the  methods  available  for  their  purncarion. 

Since  that  time  .ncreasin^  experience  has  :niv  -:::-i:r;rmed  and 
strengthened  trie  same  c:r.o.  C:     nation  id-onces  aixer  but 

slowly;  customs  teni  ::■  bee:  me  dxed  i:id  ■:  recall.  wd  the  sew- 
ages of  cities,  excepting  is  rsjr/irds  :oc-:en;ri:::ou .  -j.io'v  at."1  great  or 
fundamental  progressive  :.ia.:^es  ;n  :nem:ca:.  pnysioL.  or  biological 
i:harar.:cr.5ti.:s.  Hr:e  :leariv  ii  v^r'-rjie-vi.sp  el'id;^  our  grasp 
becm-ie  receding  is  -ve  ::iv  ze-.ir.  ;:^t  on  zi-.t  contrary  a  problem 
wh..;n.  a-i  cir.:=s  ?z  v  i-  i  ..id  jsn.-es  becr-me  established  ind  customs 
settled   :c       ev-r\ wnere  ::  "lec^-r-r  aio-e  and  more  similar. 

i»;  trie  mi  a:         :-::v;r  end.  the  a  :h..ev-?men::s  ot  the 

List  'jjart-jr  century,  ar.d  es a  1  ;  :t  :.ie  .as::  few  years.  in  die  science 
and  art  or"  ^ \i*t  p-nrica::.: 1  ;-:■•.  e  :na:  recnar-iab.e  progress  has  been 
made  towards  a  compere  and  :er:u^".:  rr-asr-rry  oc  the  municipal 
se  vv age - d  i  s  r> sal  p  r  :■  b 1 :  m . 

Reduce!  to  its  .owes:  terms  :h:s  pr:b"em  :s  ?  m~  y :  w  &vfnum&m- 
.  a ■  ;r ;: . *  a »: : : f  .' *  " U "  :  '  ■  v-j.:  -  t .   :..    •»?  :  **..'   '*     * -  v-r  '.*n.zbU 

in/t.tf.i  s:^a*ns  ZiiJ  -z..:'z.  < jme  r -events  ::  :>.  s  perhaps  seem- 
ingly simple  problem  were  n;*  1:  :ne  :■  :>e:  <urr.-;-. .1:: ended  to. 
and  counter  difficulties  arise,  is.  r:r  r  iant  :le.  l-.  the  method  of  dis- 
\i  1  .1 1  b y  c h e m ic a!  p r e •■: : z :  ta : . :  n .  b  y  ».-:-.  :  ■  7  r : c e si  : l:e  ?e ■*■  a^e  a uisance 
■a  partly  overcome,  bu:  1  ^r-:a:  rx:e-."  :er".a.:-:d  by  ilie  sludge 
nuiatnee.  Under  chemical  pre-::-: -a:!  \r.  ?::.r-nis  ^:  se-vjge  discharged 
by  municipalities  were  rendered  o::i-.T.ara::-.  e'.y  -n  : : ;ec:::nable  :o  sight 
and  smell,  bu:  the  inrV-ti'-ns  A;-..:h  rhey  ":..:-re  vere  n:c  removed  and 
a  new  and  serious  sl'-d^e  r,  ;  sancc  was  c reared.  A^ain.  inrermittent 
nitration,  which  in  many  cases  is  still  :he  best  nierhod  of  d:sr>jsalt  is 
for  very  large  cities  often  uneconomical  and  :n: practicable  because  of 
its  requirement  of  immense  land  areas  of  a  special  sar.dy  or  porous 
character. 

As  time  has  gone  on  it  has  gradually  become  more  and  more  plain 
th*t  the  ideal  sewage  purification  would  be  one  which,  while  convert- 
ing the  filth  borne  by  the  stream  in:c  unobjectionable  substances, 
should  still  k'iep  the*e  substances  in  solution  or  suspension,  so  that 
they  should  pass  away  with  the  stream  and  entail  no  nuisance  from 
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"r;  this  change,  of  coarse,  being  effected  at  a  tolerable  and  if 
possible  at  a  small  cost.  These  conditions  the  "trickling"  or  M  per* 
rotating  "  or  •*  sprinkling "  filtration  system  promises  better  than 
any  hitherto  devised  to  fulfill  By  this  system  the  filth  of  a  sewage 
stream  is  not  largely  deposited*  or  even  removed,  but  only  changed ;  so 
that,  although  in  substance  mostly  retained,  it  is  in  character  rendered 
unobjectionable* 

But  even  this  system  fails  in  one  important  particular,  namely,  as 
regards  disease  germs,  Trickling  filters  do  not  with  any  certainty 
remove  disease  germs,  always  possibly  present  in  a  sewage  stream ; 
and  for  this  reason  it  becomes  necessary  in  many  cases  to  disinfect 
somehow*  the  effluents  of  such  filters.  That  such  disinfection  can  be 
doot  without  serious  difficulty  and  at  reasonable  cost  has  been  estab- 
lished by  tests  made  at  the  Experiment  Station  of  the  Massachusetts 
taatbute  of  Technology,  and  described  in  some  of  the  papers  con- 
tained in  the  present  volume.  The  experiments  here  detailed*  as  well 
as  those  made  by  other  investigators  elsewhere,  make  it  clear,  more* 
over,  that  such  disinfection  can  be  done  if  required  not  only  effectively, 
but  also  cheaply ;  as,  for  example,  by  the  addition  of  a  simple  solution 
of  bleaching  powder. 

These  two  processes  then,  namely,  the  transformation  of  the  organic 
matters  of  sewage  capable  of  decay  into  substances  which  will  not 
mdstf  rot,  and  the  destruction  of  disease  germs,  are  thus  brought 
aboot, —  the  former  by  the  utilization  of  a  purely  natural  process,  and 
the  Utter  by  simple,  artificial  means. 

But  in  order  to  learn  how  to  use  these  processes  advantageously 
and  economically,  careful  and  extended  experiments  are  still  required 
both  to  general  and  sometimes  also  for  particular  sewages  in  particu- 
lar places.  The  papers  which  follow  describe  such  experimentation,  of 
whRh  the  results  already  reached  arc  highly  satisfactory  and  encouraging. 

By  the  continued  generosity  of  the  public-spirited  Donor  to  whose 
munificence  »c  jrr  already  so  greatly  indebted,  further  experiments  are 
already  well  under  way  having  for  their  end  the  ascertainment  of  the 
remaining  practical  data  ;  and  the  next  volume  of  the  present  series  of 
•  Contributions  "  will  contain  an  account  of  such  experiments,  covering 
another  year's  work. 


The  staff  of  the  Laboratory  and  Experiment  Station  remains, 
happily,  unchanged,  so  that  continuity  of  operation  and  long  familiarity 
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x.  problems  involved,  as  well  as  scientific  sequence  in 
.  .ire  insuird. 

:edu  a<  ( iwvs  iroiu  all  these  investigations  belongs,  first, 
.Uio  has  im  iu-il  ami  steadfastly  supported  them;  sec- 

<>*i(.hLiM'Us  Institute  of  Technology,  which  has  adminis- 

:cd  them  ;  .mil  last,  hut  not  least,  to  Professors  Winslow 
means  <if  whose  personal  devotion  and  technical  skill 

i  wisily  planned  and  patiently  executed. 


Disposal  of  Sewage 


BY 

Prof.  C.  E.  A.  Winslow 

MASSACHUSETTS  INSTITUTE  OF  TECHNOLOGY 
BOSTON,  MASS. 


Paper  read  at  the  Ninth  Annual  School  (or 
Instructkm  of  Health  Officer* 
Bwfaglnn.  Vl,  Joae  19.  1907 


DISPOSAL  OF  SEWAGE 


By  Pfcor.  C  L  A.  Winslow.  Massachusetts  Institute  or  Ticmwolocy, 

Bostok,  Mass* 

I  fee)  it  a  great  privilege  to  address  ibis  School  of  Instruction  for  Health 
Oiem.  Vermont  was  the  first  state  in  the  Union  to  inaugurate  such  an 
tasttimiott*  sad  I  think  the  step  taken  in  the  formation  of  your  School  and 
the  ssjcecs*  with  which  it*  sessions  have  been  attended,  haa  already  influ- 
enced to  a  marked  degree  the  prog  ret*  of  sanitary  work  all  over  the  country. 
A  number  of  states  have  followed  you  in  this  matter.  Schools  similar  to 
yowrs  have  been  held  with  special  success  in  Ohio  and  New  Jersey,  and  I 
look  forward  to  the  time  when  all  of  our  states  will  be  able  to  testify  to 
the  same  experience. 

Taw  one  object  which  binds  us  all  together,  whether  we  are  working  in 
the  chemical  or  bacteriological  laboratory,  or  in  the  office  of  the  designing 
engineer,  or  as  local  health  officers-,  is  the  prevention  of  transmissible  dis- 
ease. Such  diseases  proceed  always  from  infected  persons  to  susceptible 
victims  by  paths  which  may  be  quite  direct  or  most  circuitous.  In  all 
cases  oar  common  task  is  to  break  the  chain  of  contact  at  some  vul- 
nerable point;  and  in  many  diseases,  notably  those  of  the  alimentary  tract, 
two  teach  points  offer  especial  opportunities  for  the  attack  of  the  sanitarian. 
These  are- the  points  at  which  infection  leaves  the  body  of  the  sick  person 
and  enters  the  body  of  the  well  one.  Between  these  two  definite  episodes 
the  history  of  the  disease  genu  tn  the  environment  is  a  various  and  uncertain 
one;  bat  excreta  may  be  disposed  of,  and  food  supplies  guarded  from  pul- 
iation* with  reasonable  assurance  of  success. 

Ei&cirat  protection  at  both  ends  of  the  chain  is  essential  in  order  properly 
to  utrguawd  law  OSjSnenjsnll)  1 1  r  UirlinKt..n  r|oo.Lirntl>  pictured  to  us  U*t 
sssght  Use  dangers  which  surround  the  milk  supply  of  the  city  and  showed 
|sjbj  tstentkd  »t  that  milk  sjbouM  Ut  produced  under  cteaidy  conditions. 
Yet  even  niter  every  precaution  has  been  taken,  milk  when  it  at  last  reaches 
the  consumer,  must  be  pasteurized  if  we  would  be  absolutely  certain  of  its 
gaiety.  So  with  regard  to  water,  it  u*ed  to  be  said  that  an  unpolluted  supply 
arms  preferable  to  a  filtered  one  because  "innocence  is  better  than  repent- 
ance.'* We  have  come  round  to-day  to  a  pessimistic  belief  in  the  well -nigh 
total  depravity  of  water  supplies,— from  surface  sources  at  least.  Sani- 
tarians hold,  aa  Mr.  Puller  said  yesterday  afternoon,  that  all  surface  sup- 
plies without  exception  should  be  punned,  yet  the  obligation  to  keep  them 
aw  innocent  aa  possible,  before  the  day  of  repentance  arrives,  is  none  the 
lean  isnpuatWs.  A  polluted  stream  is  harder  to  purify,  it  is  an  esthetic 
nubastoi  end  an  economic  blunder ;  and  it  is  ftf  u  and  outside  of  its  rela- 
tion to  water  supplies  a  menace  to  the  public  health, 

S 

s> 


«<  ,v  »c'  ii  a  fundamental  necessity  because  the  presence  of 

.  .  mi  u..  the  existence  of  continual  facilities  for  the  transmission  of 
i..<  li  ii  only  necessary  to  study  the  statistics  of  communities,  in 

/  ti.  it  a*.**  iuu<:  systems  have  been  introduced,  comparing  typhoid  death 
i 4  lo-ffii:  and  after  that  event,  in  order  to  realize  how  serious  this  danger 
.«  it.  httiiii,  tor  example,  when  a  pure  water  supply  was  introduced  the 
i.^i.'.M  ilt.utli  late  chopped,  but  when  a  sewerage  system  followed  some 
Uii-i,  another  decrease  in  the  death  rate  occurred  almost  as  striking  as 
H.«.  hut  I  he  leason*  are  many  why  sewerage  systems  thus  diminish 
isj,l(  ,i<l  tcvii  1  he  presence  of  privy  vaults  is  a  constant  menace  to  wells 
...  I  *«iht.i  piiv.ilr.  source*  of  supply;  but  entirely  apart  from  any  form  of 

0  ,i<  i  (i  -lluUuji  theic  are  abundant  ways  in  which  infection  passes  from  im- 
(i.  .jn.il?  Ii4ii<lh-.il  i  hi  i eta  to  adjacent  food  supplies.  The  experience  of  the 
<  iiiih.il  Maira  army  during  the  Spanish  War  furnished  an  impressive 

i.,  M.i  li  »x.ji  along  ill  is  line.  One  out  of  every  five  of  our  volunteer  sol- 
>U>  ».,  •  .lint,  linwit  with  typhoid  fever  during  the  brief  campaign,  in  shocking 

•  -.i.h.t.i  *uh  the  almost  perfect  immunity  secured  by  the  Japanese  in  their 
.  .  Midi  pingu:b»  through  Manchuria.   This  national  disgrace  was  directly 

.   h..l  with  improper  care  of  excreta  as  brought  out  by  the  study  of 

i,  t<lr<i<t  u»«  hh:iu:c  on  different  regiments.  In  peace,  typhoid  fever  slays  its 
i,,..ihttfli c. vi  ly  year  from  the  same  neglect  of  the  same  precautions.  Flies 

.in  iiuiJMiUiit  part  in  its  transmission  as  they  forage  back  and  forth 
t j wut  vault  to  larder;  and  the  fingers  of  the  users  of  unclean  privies  are 

1  it  ||  ..,ui'i  ;»  <if  infection  for  themselves  and  others.  These  are  unpleasant 
i. Milt.*.  hut  I  have  no  doubt  that  citizens  of  the  towns  you  represent  are 

-1.1/  in  ihr.  position  of  the  bird  that  fouls  its  own  nest,  without  being 
.     .<  K.i  1. 1  ot  I  lie  fact,  and  it  is  your  duty  to  awake  them  to  the  truth,  how- 

•  ,i  i  uiia.ifoiy  it  may  be. 

I  In  hiot  btep  in  the  campaign  against  typhoid  fever  is  to  secure  a  public 
,u».r.  of  pine  and  wholesome  water,  thus  guarding  that  food  supply  which 
in  ,..i  i. oily  tarries  infection  to  large  numbers  of  persons.  The  second  step, 
i.hly  li:»i>  urgent  than  the  first,  is  to  so  care  for  excreta  that  infection  may 
i  ml  he  up  lead  broadcast  through  various  other  channels.  In  many  com- 
uiuhitittb  thib  muit  be  done  by  substituting  for  leaky,  ramshackle  privies 
r.tith  Uosets  of  adequate  construction.  To  prevent  danger,  it  is  necessary 
I  hat  excreta  should  be  received  in  some  receptacle  which  is  water  tight  and 
i  luacil  against  flies.  Earth  or  ashes  should  be  at  hand  to  cover  them  at  once, 
ami  provision  must  be  made  for  burning  or  burying  the  contents  at  frequent 
intei  val».  Light  and  light's  brother— cleanliness — are  of  course  essential  in 
the  pi  ivy  building  itself. 

I  he  proper  maintenance  of  such  earth  closets  is  unquestionably  a  burden, 
.uul  anything  less  than  this  is  a  public  danger.  The  cesspool,  too,  which 
mark*  the  next  step  forward,  is,  after  all,  only  a  makeshift,  since  the  average 
i  i  ti  /.en  has  neither  the  inclination  nor  the  ability  to  ensure  its  proper  opera- 
lion    As  soon  as  possible,  therefore,  the  introduction  of  a  water  carriage 
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system  of  sewerage  must  follow  with  the  growth  of  Use  sanitary  conscience. 
Thtt  it  the  ideal  method  of  disposal  for  the  householder,  mice  it  removes 
all  excreta)  matter  promptly  and  efficiently  and  meet*,  without  trouble  on 
hit  part*  all  sanitary  and  esthetic  requirements.  It  creates,  of  course,  a  new 
problem  lor  the  community  as  a  whole;  and  it  is  of  this  problem  that  I 
wish  chiefly  to  speak  to  you  this  morning.  By  the  const  ruction  of  a  public 
sewerage  system  the  problem  of  disposal  is  shifted  one  step  away  from  the 
mdrvtdual ;  instead  of  the  individual  having  a  small  amount  of  waste  to 
dssasoee  of,  the  municipality  has  now  a  much  larger  problem  on  its  hands— 
list  disposal  of  all  waste  materials  diluted  with  a  great  volume  of  water 
For  example,  tn  Boston,  on  one  side  of  the  city,  known  as  the  South 
Metropolitan  District,  it  is  necessary  in  every  year  to  dispose  in  some  way  of 
MOO  torn  of  nitrogen  at  free  ammonia  atone,  representing  an  enormous 
qwantity  of  organic  matter;  and  the  problem  is  made  so  much  more  difficult 
by  reason  of  the  (act  that  the  organic  matter  is  diluted  with  thirty  billion 
gallons  of  water. 

In  American  sewages  we  find  only  one  part  in  1,000  tif  $olid  matter;  in 
otftser  words,  there  are  999  parts  of  water  to  be  handled,  or  somewhat  more 
than  that,  for  every  part  of  solid  matter,  The  dangerous  elements  making 
up  the  single  part  in  1,000  with  which  we  are  particularly  concerned  in 
sewage  disposal  may  be  classed  under  three  heads;  organic  matter,  mineral 
■gfefcsj  arui  bacteria.  The  mineral  matter  it  harmful  only  under  exceptional 
conditions,  when  Urge  amounts  of  industrial  wastes  enter  the  sewers  and 
need  not  be  considered  here.  The  bacteria  are  harmful  when  the  sewage  is 
tn  discharged  at  to  reach  some  source  of  food  or  water  supply.  The  organic 
matter  it  harmful  when  it  decays,  and  creates  a  nuisance  which  may  be 
an  serious  at  to  menace  health.  Such  organic  matter  is  composed  of  un- 
stable molecules,  imperfectly  oxidized,  the  history  of  which  may  follow  two 
different  lines.  On  the  one  band,  if  it  remains  out  of  contact  with  the  air. 
it  may  decompose*  putrefy,  break  down,  with  the  production  of  offensive 
sratei  of  ikoomnoattion.  Or,  secondly,  under  the  influence  of  oxygen  it  may 
— ntrgo  another  process  that  we  call  nitrification,  a  slow  burning  or  com- 
boseioci  which  converts  the  organic  matter  into  nitrates,  or  other  mineral 
Kit  stances,  wtlhotit  the  production  of  Ksjssj  Odflgs\  afw]  tn  |  wlmUv  satisfactory 
way.  Organic  matter  must  either  putrefy  or  nitrify,  and  the  aim  of  sewage 
treatment  it  tn  nitrify  it.  This  is  a  difficult  problem,  because  tt  involves  the 
•urply  to  that  organic  matter  of  one  to  three  times  its  weight  of  oxygen, 
with  the  special  conditions  under  which  the  oxygen  and  the  organic  mat* 
tag  wil  wite. 

Hat  most  obvious  way  to  dispose  of  sewage  is  to  throw  it  into  the  nearest 
body  ol  water.  Before  true  sewers  existed  the  natural  drains  discharged  into 
the  nearest  water  source,  and  when  these  drains  became  filled  with  polluting 
matter  list  same  plan  was  followed  Sometimes  thts  works  very  well  If 
the  luhitm  of  sewage  discharged  into  a  stream  is  sufficiently  small,  there  may 
be  enough  oxygen  to  unite  with  the  organic  matter  and  enough  organic  life 
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in  the  stream  to  effect  the  union.  Under  such  condition  there  results  a  self- 
purification  of  a  very  satisfactory  type,  as  far  as  the  chemical  constituents 
are  concerned.  Disease  bacteria  on  the  other  hand,  although  they  do  die 
out  in  water,  decrease  slowly  and  uncertainly,  so  that  bacterial  self -purifica- 
tion cannot  be  relied  on  to  make  polluted  water  potable.  Even  chemical 
self-purification  has  its  rather  narrow  limits.  The  fate  of  the  sewage 
changes  entirely  when  its  volume  exceeds  the  maximum  which  may  be 
absorbed  by  a  given  stream,  roughly  stated  as  one  part  of  sewage  to  fifty 
parts  of  water.  When  that  limit  is  exceeded,  when  the  limit  of  available 
oxygen  for  the  oxidation  of  organic  matter  is  passed,  then  the  conditions 
of  putrefaction  are  set  up.  It  is  like  Mr.  Micawber's  philosophy :  "Annual 
income  twenty  pounds,  annual  expenditures  nineteen  ought  and  six,  result 
happiness.  Annual  income  twenty  pounds,  annual  expenditures  twenty 
pounds  ought  and  six,  result  misery/'  Up  to  a  certain  point  everything 
goes  well,  but  beyond  that  point,  conditions  are  totally  changed  and  in- 
stead of  a  self-purifying  stream  you  find  a  foul  septic  tank.  Dilution  then — 
the  discharge  of  sewage  into  water — is  limited  by  the  volume  of  sewage  in 
relation  to  the  body  of  water  into  which  it  is  to  discharge.  On  the  sea- 
coast  the  conditions  for  purification  by  dilution  are  ideal;  and  with  large 
rivers  like  the  Mississippi  this  method  may  be  followed  very  satisfactorily. 
In  smaller  streams  we  get  the  septic  tank  condition  of  which  I  have  spoken. 
In  Massachusetts  alone  there  are  at  least  seven  rivers  so  polluted  as  to 
become  a  public  nuisance  for  a  part  of  their  course.  Most  serious  of  all, 
when  such  a  condition  as  this  is  reached,  there  is  often  so  deep  a  deposit 
of  decomposing  sludge  in  the  bed  of  the  stream  that  after  the  removal  of  all 
fresh  pollution  it  remains  as  foul  and  unsightly  as  before.  Nothing  but 
expensive  dredging  operations  will  suffice  to  restore  a  stream  so  desecrated 
to  its  pristine  purity.  I  beg  you  to  take  warning  from  our  more  thickly 
settled  commonwealth  and  avoid  while  you  may  such  problems  as  we  now 
find  before  us  in  the  Neponset  and  the  Blackstone  rivers. 

A  second  obvious  method  of  sewage  disposal  is  discharge  on  the  surface 
of  the  soil;  and  this  plan  has  been  followed  from  time  immemorial.  In 
the  little  city  of  Bunzlau  in  Prussia  there  was  a  public  water  supply  as 
early  as  1559,  piped  from  a  spring,  and  in  connection  with  it  was  installed  a 
sewerage  system  and  a  system  of  disposal  on  a  sewage  farm.  Later  the 
process  of  treatment  on  land  underwent  development  along  more  intensive 
lines.  As  early  as  1865  the  German  engineer,  Mueller,  urged  the  disposal 
of  sewage  through  land  at  a  more  rapid  rate  than  is  possible  on  the  ordinary 
sewage  farm.  He  understood  the  nature  of  the  process  and  knew  that  it 
was  carried  out  by  organic  life ;  and  in  1878  he  patented  a  system  "for  the 
disinfection,  purification  and  utilization  of  sewage  by  the  scientific  cultiva- 
tion of  yeast-like  organisms."  In  1870  the  subject  was  approached  along  a 
different  line  by  the  English  experts  of  the  Rivers  Pollution  Commission 
under  the  leadership  of  Frankland.  These  experimenters  failed  to  grasp 
the  biological  character  of  the  process,  but  they  understood  its  chemistry 
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and  i bowed  that  sewage  could  be  success fully  purified  by  filtration  through 
various  soils,  it  much  higher  rates  than  those  used  on  sewage  farms*  It 
was  only  by  work  In  this  country,  however,  that  these  various  lines  of 
investigation  were  brought  together  in  so  conclusive  a  form  that  the  im- 
portance of  the  process  of  intermittent  nitration  through  sand  was  generally 
itnawriaaort  The  difficulties  experienced  by  Worcester  through  the  pollution 
Iff  Its  sewage  of  the  Bltckstone  River  and  the  proposition  to  treat  the  tew* 
age  of  Boston  and  the  cities  lying  to  the  north*  on  the  Saugus  marshes, 
made  sewage  disposal  an  urgent  question  tn  Massachusetts  tn  the  early 
eighties.  As  a  result  of  these  conditions  the  Lawrence  Experiment  Station 
of  the  State  Board  of  Health  was  founded  tn  1887  for  the  study  of  the 
sewage  purification  problem.  There,  under  the  leadership  of  Mr  Hiram  F. 
Milt,  with  the  cooperation  of  Prof,  T.  M.  Drown  and  Prof,  VV\  T. 
Sedfewsck,  were  carried  out  the  series  of  experiments  since  sightly  spoken 
of  as  til  lair  Ten  circular  cypress  tanks  seventeen  feet  In  diameter  and  six 
feat  deep  were  filled  with  various  filtering  materials— sand,  gravel,  pe.it. 
fiver  salt,  loam,  garden  soil,  and  clay.  The  fine  materials  Like  peat,  garden 
soil,  and  day  soon  dogged,  but  the  beds  of  sand  worked  to  admiration, 
leeanmag  sewage  above  and  yielding  a  clear,  bright  spring  water  below. 
Souse  of  Use  original  tanks  Have  been  operated  from  the  day  of  their  in* 
ttaJlation  to  the  present,  a  period  of  over  seventeen  years,  with  continuously 
fond  result*. 

The  Massachusetts  investigators  established  very  clearly  that  the  purifica- 
tion was  an  oxidising  process,  carried  out  by  bacteria  Irving  in  the  sand, 
and  that  a  rich  supply  of  oxygen  was  necessary  for  their  activity.  In  order 
to  supply  the  oxygen  it  was  necessary  10  dose  the  filters  intermittently, 
putting  on  perhaps  one  dose  a  day  in  an  amount  of  some  60,000  gallons  per 
an  These  experiments  led  at  once  to  the  installation  of  a  number  of  u> 
taeaafcsewt  sewage  niters  m  Massachusetts,  and  in  1903  twenty*  three  were 
tn  operation  in  different  parts  of  the  state,  the  best  known  being  those  at 
Mat  shut  u,  Brockton,  Framingham.  Gardner,  and  Clinton;  some  of  them 
lam  Wan  as  operation  now  for  over  ten  years.  Where  glacial  drift  sand  or 
lake  or  river  sand  is  available,  the  construction  of  such  filters  is  extremely 
assvfsav  It  is  necessary  only  to  remove  the  toil  and  subsoil,  which  may  be 
used  for  embankments  Mwecn  the  individual  beds;  to  dig  up  the  sand  at 
tntrrvals  for  the  laying  of  undrrdrains  to  carry  off  the  effluent ;  and  to  level 
the  surf  see  of  the  beds  again  and  place  upon  them  some  simple  form  of 
wooden  carrier  to  secure  a  fairly  even  distribution  of  the  sewage.  Some 
arrangement  must  also  be  made  for  discharging  the  sewage  on  the  beds, 
oast  dose  of  50,000  gallons,  the  sewage  of  500  persons,  or  two  doses  of 
half  nais  aaaosast  being  applied  to  each  bed  once  in  twenty-four  hours.  This 
sasry  be  aVaag  bf  hand  or  accomplished  by  one  of  a  number  of  very  satis- 
factory automatic  devicr*  now  on  the  marlcrt. 

1st  At  aujgjJaafsgj  of  such  beds  it  has  been  found  thai  a  certain  amount  of 
solid  material  accumulates  on  the  surface,  but  this  sledge  is  of  a  stable 
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ittiiuic,  t»t>t  *ubje<l  to  decay,  and  can  be  scraped  off  at  intervals  and  re- 
,,n.w*l  w»tli*»ut  «?KccHjiive  expense.  Cold  winter  weather  interferes  somewhat 
will  vlticicuvy  of  the  process;  but  by  ridging  the  beds  so  that  the  sewage 
UK**  (U»w  in  furrow  a  under  the  ice,  it  is  possible  with  most  of  the  filters  in 
M.»4^%i  kni«elU  to  treat  the  sewage  all  the  year  round. 

lu  iUMiM*  whore  it  is  difficult  to  secure  adequate  natural  sand  beds  and 
wUmv:  tin?  tuiifct ruction  of  artificial  ones  would  prove  expensive,  it  is  im- 
I*  .i».»i» I  to  Hiv»«»hihj  the  rate  at  which  sewage  may  be  purified,  and  this  may 
<h*t»i-  by  tin?  combination  with  intermittent  filtration  of  preliminary  treat- 
it ii  til   11  *         ««ptic  tank.    This  device  is  the  logical  development  of  the 
.  t..»u}t< 'ft  ** tut  the  foitjies  fixers,  used  in  France  by  Mouras  as  early  as  1860. 
I  Uti  piumpl*   that  the  storing  of  sewage  without  access  of  air  led  to  a 
,..11  nt  h  i  mentation,  or  ripening,  which  removed  a  considerable  portion  of 
itti.  u..|mI  iiMU'-iiftl' —was  patented  in  1882.    Scott-Moncrieff  an  English  en- 
^tiM.f-i,  »■»  IHMl  used  the  same  process  in  what  he  called  a  cultivation  tank, 
unt  in  IH*>4  on©  wan  installed  at  Urbana,  111.,  by  Professor  Talbot  The 
l,i,.«rm  did  not  attain  wide  popularity,  however,  until  after  1895,  when 
iM.iftiil  <  minion  of  Kxcter,  England,  gave  it  the  picturesque  name  of  the 
piii  lank.    It  must  be  remembered  that  this  scientifically  controlled  cess- 
piiiil,  .o»      i c.tUy  is,  does  not  purify  the  sewage  in  any  real  sense.  Only 
tt,  nUliiiit  <loc«  that,  and  oxidation  requires  air.   This  anerobic  fermentation 
<  |<  iim-nutton  without  air)  serves  simply  to  change  solid  material  to  the 
Idjtinl  ci  gnucou*  form  and  thus  facilitates  its  ultimate  purification  and 
n.aWca  it  possible  to  treat  more  sewage  on  an  acre  of  land.    Cameron  in 
Li*  r.aily  experiments  used  a  tightly  closed  tank,  but  he  soon  found  that 
i    ,  was  needles*  ;  it  was  only  necessary  to  allow  the  liquid  to  flow  slowly 
through  any  tank,  so  as  to  have  a  storage  of  about  twenty-four  hours,  the 
,  a  at  t  length      time  varying  with  different  sewages.   Under  such  conditions 
,|i:i:omiio*itiumt  take  place,  which  remove  from  60  to  70  per  cent  of  the  sus- 
p<  tilled  solids,  turning  a  part  into  liquid  form,  giving  off  a  part  as  gas, 
., hi iiit  7}rj  gallons  of  gas  to  100  gallons  of  sewage,  and  storing  a  certain 
amount  of  solids  in  the  tank.   The  proportion  of  the  solids  destroyed  in  the 
lank    digested,  so  to  speak — varies  with  different  sewages  and  with  the 
&.tine  sewage,  at  different  times,  under  conditions  not  thoroughly  under- 
stood.   In  acme  cases  the  use  of  a  septic  tank  is  much  more  advantageous 
than  in  others.    Small  towns,  however,  where  the  sewage  arrives  in  a 
comparatively  fresh  condition  at  the  disposal  area,  will  almost  always  find 
u  beneficial. 

The  septic  tank  and  the  intermittent  filter  will  generally  form  the  most 
suitable  combination  for  treating  the  sewage  of  a  New  England  town.  For 
small  communities  or  institutions  or  large  isolated  country  houses  a  modi- 
fication of  this  process  may  be  used  which  obviates  the  discharge  of  sewage 
upon  the  surface  of  the  ground — an  important  esthetic  factor  under  some 
condition*.  This  is  the  method  of  sub-surface  irrigation  in  which  the  effluent 
from  the  septic  tank  is  discharged  through  a  system  of  open-jointed  tile 
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pipe  laid  a  few  inches  below  the  surface  of  a  sandy  soil  The  principle  is 
tbt  me  as  that  of  intermittent  filtration.  Since  the  new  age  is  not  in  free 
contact  with  the  air,  the  process  of  nitrification  is  more  imperfect  and  the 
pipes  aft  liable  to  clog.  In  many  cases,  however,  the  freedom  from  the 
somewhat  unsightly  surface  disposal  area  outweighs  these  objections.  For 
ssnaJQ  installations  a  plant  of  this  type  may  be  built  very  cheaply  indeed,  Mr. 
John  W.  Ahford  of  Chicago  has  designed  such  a  plant  consisting  of  a  barrel 
for  «  septic  tank,  a  half  barrel  equipped  with  a  simple  siphon  for  discharging 
the  intermittent  dose,  and  a  system  of  tile  drainage,  all  under  ground,  and 
costing  lor  labor  and  materials  Jess  than  twenty-five  dollars. 

In  racJcy  and  clayey  districts  even  the  addition  of  the  septic  tank  will  not 
serve  to  bring  processes  of  purification  through  sand  within  reasonable  limits 
of  cost.  In  England,  particularly,  the  problem  has  pressed  hard :  and  there 
pmgreas  has  been  made  along  a  different  line.  The  chemist  of  the  London 
Cowry  Council.  Mr.  W.  J.  Dibdin,  undertook  in  the  early  nineties  to  devise 
some  more  rapid  method  of  sewage  disposal  than  that  worked  out  at 
Lawrence  He  increased  the  rate  by  the  use  of  coarse  material,  following 
out  Che  principle  that  the  essential  element  in  purification  is  not  really  Ultra - 
tson,  but  Use  action  of  micro-organisms  which  will  grow  on  broken  stone 
as  wcU  as  on  sand  With  such  coarse  material,  the  sewage  must  somehow 
be  retained  sufficiently  long  for  the  bacteria  to  act  on  it,  and  this  end 
Dihdtn  attained  by  making  his  bed  (filled  with  coke)  tight,  so  that  he 
could  fill  it  with  sewage,  allow  it  to  stand  for  a  certain  period  and  then 
empty  it  This  he  called  the  contact  system  because  the  sewage  is  held  in 
contact  with  the  coke  by  the  closing  of  the  outlet.  In  further  experiments 
at  Sutton  in  Surrey,  Dibdin  developed  the  double  contact  system,  carrying 
As  sewage  treated  in  one  contact  bed  to  another  contact  bed  and  treating 
it  again.  By  each  contact  about  half  the  impurities  in  the  applied  liquid  are 
removed,  ft  has  been  found  that  in  the  construction  of  the  contact  beds 
aiauost  any  hard,  smooth  material  may  be  used,  the  bed  being  simply  a  tight 
box  lav  hohfing  it  Coal  and  coke  are  particularly  favorable,  though  stone 
or  almost  any  other  hard  substance  may  he  used  The  sire  of  the  pieces  of 
aeatrriil  whatever  it  may  be,  varies  from  H  of  an  inch  to  1  *4  inches.  The 
bssaa  are  commonly  made  from  three  to  six  feet  deep,  or  thereabouts,  but 
the  depth  does  not  seem  to  be  of  great  importance.  The  sewage  is  run 
slowly  into  the  bed,  allowed  to  stand  for  a  certain  time,  generally  two 
knurs,  assd  then  discharged,  three  or  four  fillings  being  made  in  the  twenty- 
four  hours.  With  such  a  system  sewage  may  be  treated  at  five  or  ten  times 
the  file  attainable  by  sand  nitration  and  the  effluent,  though  never  purified 
to  the  grade  of  a  good  spring  water,  aa  the  effluent  from  an  intermittent 
titer  may  be.  rs  to  stable  that  it  will  not  decay  and  may  be  discharged  into 
a  titer  with  safety. 

A  anal  more  satisfactory  method  by  which  sewage  may  lie  treated  at  even 
Itsjfatr  rates  ia  the  process  of  trickling  filtration,  also  devised  in  England 
Thts  process  secures  the  necessary  even  distribution  and  aeration  by  sprink- 


c  *ag<  over  tlic  whole  surface  of  the  filter  bed  in  a  fine  spray,  so 
*.  *t  ii.<:  ',>.yg«.-u  gun  ui  along  with  it,  the  sewage  never  filling  the  tank,  but 
...i;*..i',u»i/  trickling  through  the  filtering  material.  One  of  the  advantages 
A  ti.K  iri'.klmg  bed  system  is  the  extreme  simplicity  of  its  construction. 

  kiii'l  of  Hour  sloped  to  carry  off  the  drainage  is  needed,  but  aside 

if«it  the  material  used  can  be  held  together  by  wooden  palings  or 
,;>.*,  \.*u<U  or  any  very  simple  structure  around  the  outside.  The  depth  is 
,.<.*.<  *  Jly  fuiii  ieei  or  over,  and  as  in  the  case  of  the  contact  bed,  any  hard 
...  .(•.<:»tl  iuai  lie  used,  varying  in  size  from  %  inch  to  1J4  inches. 

a  ^.n-au  difficulty  arises  in  regard  to  the  distribution  of  the  sewage, 
..u  i,  iu.ui  Li:  bii  applied  as  to  pass  through  slowly  and  well  mixed  with  air. 
1 1.*.  d<i  tillers  at  Columbus,  Ohio,  like  the  latest  English  designs  at 

u.f «..;.. gl<«ui(  i.all  for  fixed  sprinkler  heads  which  throw  the  sewage  up  into 
.i.f.  .ji  J».  a  line  apray.  This  device  is  a  good  one  and  may  be  much  improved 
\.j  »i,<.  .t<iiluinit  of  siphon  tanks  which  intermit  the  discharge  at  frequent 
...i'.i,.<U  m  us  to  expand  and  contract  the  cone  of  spray  and  spread  the 
.  i. eLhly.    In  the  course  of  our  experiments  at  the  Technology  Sew- 

I:  ..pii  um  nl  Station,  we  have  devised  another  method  of  distribution 
it  Mia*  "Iter  especial  advantages  in  certain  cases.    This  consists  of  a 
I'm  'A  Houghs  from  holes  in  the  bottom  of  which  the  sewage  drops 
,#K„i  i.Mi»u*ve  climes  from  which  it  splashes  upward  in  a  fine  and  well 
opt  ay.    This  system  of  gravity  distribution  was  described  in  the 
/  notice,  ing  News  a  year  ago  and  has  since  been  adopted  by  the  Massa- 
i.haMU  Slate  Hoard  of  Health  for  the  experimental  sewage  filter  at 

vVuh  b<'uiI  distribution,  the  rates  which  may  be  obtained  by  the  trickling 
aic  very  high.  The  intermittent  sand  filter  will  take  at  the  outside 
1 1 4 Hit Xi  ualhins,  and  the  contact  bed  500,000  or  600,000  gallons  per  acre  per 
-I,/,  iht  irukling  filter,  on  the  other  hand,  easily  treats  2,000,000  gallons 
j,r. i  aMf:  |»«-r  days,  giving  an  effluent  on  the  whole  better  than  the  contact 
i.i.'l.  I  hough  not  so  good  as  the  sand  filter.  It  contains  a  considerable 
.tHH'tuil  of  bimpended  solids  and  docs  not  look  as  clear  as  the  effluent  from 
i)h-  »«ni»rti  l  hfd.  But  it  analyzes  well  and  keeps  well,  which  are  the  principal 
|,'<in».i  to  \>r  considered.  Furthermore,  its  solids  may  be  easily  removed  by 
rt  J. Ml  period  of  sedimentation. 

Mi:lnniiiig  to  the  distinction  originally  made  between  the  chemical  and 
(..u-UiihI  constituents  of  sewage,  it  must  be  remembered  that  these  rapid 
j,h«h!mi*»  affect  only  the  organic  matter.  They  are  essentially  oxidizing 
ini-f  haiiimiin  without  filtering  action  adequate  for  the  removal  of  micro- 
oi ganium*.  It  is  true  that  in  the  unfavorable  environment  of  the  septic 
Unk  and  trickling  filter,  many  sewage  organisms  do  die  out,  but  their 
ihmination  is  incomplete  and  uncertain.  If  a  nearly  germ-free  effluent  is 
drurrd,  as  in  cases  where  sewage  works  arc  situated  upon  estuaries  where 
ahrllfnh  are  cultivated,  special  means  must  be  taken  to  remove  bacteria. 
This  may  be  done  by  chemical  treatment,  and  the  development  of  methods  to 
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this  end  marks  the  newest  step  tn  the  growing  Art  of  sewage  disposal 
Qsfisrirah  of  various  torts  were  tested  most  elaborately  at  precipitant*  of 
sewage  m  the  early  seventies  with  poor  results,  As  a  purifying  process, 
for  the  removal  of  organic  nutter,  chemical  treatment  is  of  dubious  ex- 
pediency since  the  soluble  constituents  are  imperfectly  removed  and  the 
coat  of  the  process,  with  Us  attendant  necessity  for  sludge  removal  is  gen* 
crally  far  greater  than  the  expense  of  more  adequate  biological  treatment 
When  organic  stability  his  hern  attained*  however,  as  in  the  effluents  from 
rapid  processes,  chemical  treatment  may  be  used  with  marked  success  for 
the  purpose  of  destroying  bacteria*  Experiments  carried  out  by  my  colleague, 
Prokaaor  Phelps  at  the  Technology  Experiment  Station,  have  demon- 
strated beyond  doubt  the  cheapness  and  efficiency  of  chloride  of  lime  for 
this  particular  purpose.  Such  doses  of  the  chemical  as  are  economically 
practicable  do  not  destroy  all  germ  life,  but  they  do  kill  all  ordinary  sewage 
and  pathogenic  organisms,  leaving  only  a  few  harmless  spore  formers 
Taw  process  is  not  therefore  sterilization,  but  it  is  disinfection.  I  am 
myself  inclined  to  believe  that  this  procedure  may  not  only  find  application 
m  the  treatment  of  trickling  and  contact  effluents,  but  in  some  eases  may  be 
awed  for  crude  sewage  as  well.  Many  towns  turn  their  sewage  into  lakes 
or  targe  streams  competent  to  handle  for  a  long  time  to  come  all  the 
orgittk  matter  which  may  be  discharged  into  them.  In  tome  such  cases,  the 
pathogenic  germs  present  do  constitute  a  menace  to  other  communities  or  to 
the  cramttnity  chiefly  concerned.  Disinfection  offers  a  promising  method 
mr  tecurtng  at  least  temporary  relief  from  such  a  difficulty. 

The  particular  scheme  of  treatment  to  be  adopted  for  any  community  can 
only  he  intelligently  selected  after  a  careful  study  of  local  conditions. 
Cottsmbos,  Ohio,  is  the  Erst  American  city — the  Lawrence  station  being,  of 
coarse,  a  state  institution— to  approach  the  subject  of  sewage  purification 
m  a  rational  way.  About  three  years  ago  the  city  called  in  Messrs. 
Hering  and  Fuller  to  investigate  and  report  on  the  best  method  of  sewage 
treotmcot,  and  appropriated  nearly  fifty  thousand  dollars  for  experimental 
work.  A  fine  experiment  station  was  equipped  in  which  studies  were  made 
of  over  forty  separate  methods  of  disposal  The  experts  have  finally  reached 
the  eotxhatson  that  the  best  treatment  for  Columbus  sewage  is  by  the  use 
of  the  septic  tank,  followed  by  the  trickling  filter,  and  this  again  by  sedi- 
mentation;  and  they  are  now  proceeding  with  the  construction  of  the  largest 
psasW  of  this  type  on  our  side  of  the  water,  including  ten  acres  of  trickling 
filters.  Baltimore,  Md,  is  now  carrying  out  investigations  of  a  stiff  more 
cjUeaaife  character,  along  generally  similar  lines. 

Use  sewage  experiment  station  of  the  Massachusetts  Institute  of  Tech* 
firlnwr  differs  from  any  other  similar  testing  station  in  the  fact  that  ha 
scope  is  wider  than  a  particular  local  problem.  Its  purpose,  in  accord  with 
the  wilhaa  of  its  anonymous  founder  are  to  advance  the  science  of  sewage 
daasoaal  In  both  theoretical  and  practical  aspects  and  to  promote  popular 
kuoolsdgs  of  the  nature  and  importance  of  this  important  field  of  sanitary 
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work.  The  purely  scientific  chemical  and  bacteriological  questions  involved 
have  naturally  claimed  a  large  sphere  of  our  tune.  We  have  thought  it 
wise,  however,  to  investigate  also  the  practical  problem  of  the  treatment  of 
Boston  sewage,  now  discharged  umnuified  into  the  harbor,  hut  likely  at 
some  future  day  to  require  more  careful  handling.  As  at  Columbus*  the 
trickling  filter  seems  to  offer  the  best  solution  of  the  problem,  preceded  by 
septic  treatment. 

There  are  many  problems  still  to  be  solved  m  the  purification  of  sewage. 
The  removal  of  suspended  matter  and  its  digestion  in  the  septic  tank,  lor 
example,  urgently  demand  a  careful  study;  *yet  the  work  of  the  last  ten 
years  in  England  and  the  United  States  has  blocked  out  the  mam  outlines 
of  satisfactory  sewage  disposal  practice.  The  engineer  can  to-day  siirrru 
fully  meet  any  demand  for  the  purification  of  domestic  sewage;  and  tins 
purification  may  be  carried  to  any  degree  of  perfection  for  which  the 
community  in  question  is  prepared  to  pay.  If  you  want  a  dear  and  sparkung 
effluent,  highly  purified  bacterially,  he  can  design  you  an  intermittent  filter 
tor  that  purpose.  If  you  merely  want  a  stable  efBuent  which  may  be  dis- 
charged into  a  stream  without  creating  a  nuisance,  he  can  build  you  a 
trickling  filter.  If  you  want,  on  the  other  hand,  a  disinfected  hut  not 
organically  purified  effluent,  that  end.  too,  may  be  attained. 

In  closing,  let  me  add  that  what  Mr.  Fuller  said  about  water  purification 
is  equally  true  of  sewage  disposal — a  badly  constructed  or  badly  operated 
system  is  worse  than  none  at  all,  for  it  creates  a  false  sense  of  security  and 
blocks  the  path  of  true  progress.  When  your  community  reaches  the  point 
when  sewage  disposal  should  be  attempted,  have  your  local  situation  studied 
and  your  plant  carefully  designed  and  place  it  under  conscientious  and  in- 
telligent supervision.  A  sewage  disposal  project  so  carried  out  will  prove 
one  of  the  soundest  investments  any  community  can  make:  tor  its  dividends 
will  be  paid  by  the  saving  of  human  lives. 
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INVESTIGATIONS  ON  THE  PURinCATION  OF  BOSTON 
SEWAGE  IN  SEPTIC  TANKS  AND  TRICKLING 
FILTERS  (19054907) 

By  C.-E.  A.  WINSLOW  asv  EAKLE  B  HIE  I.  PS 

L    Results  of  Prkvious  Investigations 

Thr  Sanitary  Research  laboratory  and  Sewage  Experiment  Station 
of  the  Massachusetts  Institute  of  Technology  was  founded  in  1902  b 
an  anonymous  donor  for  the  puqmse  of  making  experiment;*  upon 
improved  methods  of  sewage  disposal,  especially  those  adapted  to  large 
cities.  A  large  part  of  the  wurk  of  the  staff  has  been  devoted  to  th 
study  of  the  more  purely  scientific  problems  —  chemical,  bacteriological/ 
and  hydraulic  —  which  underlie  the  practice  of  sewage  analysis  an 
sewage  purification.  We  have  carried  onf  however,  along  with  the 
theoretical  investigations  an  experimental  study  of  the  immediate  local 
problem  of  sewage  disposal,  as  it  is  certain  some  day  to  confront  the 
city  of  Boston* 

The  sewage  of  the  Metropolitan  district  of  Boston  is  at  prescn 
discharged,  untreated,  into  the  waters  of  the  harbor  at  three  differen 
points.    The  main  outfall  sewer  of  the  north  district  carries  son; 
fifty  million  gallons  daily,  and  discharges  continuously  off  Deer  Island. 
The  sewage  from  the  high  level  district  passes  out  to  Pedduck' 
Island,  near  the  southeastern  limit  of  the  harbor ;  this  amounts  to  abo 
twenty  million  gallons.    The  main  outfall  of  the  south  Melropolit 
district  is  at  Moon  Island,  nearer  the  centre  of  the  harbor,  and  he 
the  sewage  is  stored  in  masonry  tanks  ami  discharged  only  on  the  turn 
of  the  tide.    The  daily  flow  in  this  sewer  is  in  the  neighborhood  of  one 
hundred  million  gallons.    The  Massachusetts  State  Board  of  Health 
investigated  the  condition  of  Boston  Harbor  in  1905  (Goodnough,  1 
and  found  no  serious  damage  from  this  method  of  disi**aL  The 
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of  Wellesley  has,  however,  recently  been  refused  admittance  to  the 
Metropolitan  system  from  fear  of  overtaxing  the  purifying  power  of 
the  harbor  (Wellesley,  1 907) ; 1  and  it  can  scarcely  be  doubted  that  the 
progressive  increase  of  population  within  the  drainage  district  itself  will 
ultimately  bring  the  problem  of  sewage  purification  to  the  fore.  The 
present  agitation  in  regard  to  the  pollution  of  New  York  Harbor 
(Whipple,  G.  C,  1907)  under  somewhat  similar  conditions  is  an 
indication  of  what  must  some  day  be  expected  in  Boston. 

Under  these  circumstances  it  is  important  to  form  a  general  idea 
beforehand  of  what  a  proper  purification  of  Boston  sewage  will  involve ; 
and  the  investigations  at  the  Sanitary  Research  Laboratory  have  reached 
a  point  at  which  this  can  approximately  be  determined.  It  should  be 
understood  that  neither  state  nor  municipal  authorities  are  responsible 
for  the  conclusions  which  follow.  The  investigations  here  reported 
proceed  wholly  from  the  Sewage  Experiment  Station  of  the  Institute, 
and  deal  with  a  coming  problem,  not  a  present  one.  It  is  hoped, 
however,  that  they  may  yield  data  of  importance  in  determining  the 
feasibility  of  a  disposal  project  when  the  time  for  installing  one  shall 
come,  and  offer  some  guidance  as  to  its  probable  final  form. 

The  first  essential  in  planning  for  sewage  disposal  is  a  knowledge 
of  the  social  characteristics  of  the  sewage  in  question.  In  a  previous 
communication  (Winslow  and  Phelps,  1905)  we  have  discussed  this 
point  somewhat  fully.  The  sewage  of  the  south  Metropolitan  district, 
with  which  we  dealt  in  our  experiments,  is  that  which  flows  from  the 
combined  system  of  the  city  of  Boston  proper.  It  is  a  typical  Ameri- 
can domestic  sewage,  of  average  strength,  and  in  1903  morning  samples 
showed  an  average  of  about  six  parts  per  million  of  nitrogen  as  albu- 
minoid ammonia,  eighteen  parts  of  nitrogen  as  free  ammonia,  and 
forty-five  parts  of  "  oxygen  consumed.'*  Suspended  solids  were  at  this 
time  somewhat  under  150  parts  per  million.  We  have  pointed  out  in 
the  paper  above  cited  that  the  average  analysis  of  the  whole  twenty-four 
hours'  flow  was  about  80  per  cent,  as  strong  as  the  morning. sewage. 

A  preliminary  series  of  investigations  covering  the  various  methods 
of  purification  in  common  use  was  carried  out  from  1903  to  1905. 
Septic  tanks,  contact  beds,  sand  filters,  and  trickling  filters  were 
studied,  each  unit  being  a  cypress  tank  of  72  to  96  cubic  feet  capacity, 
and  the  results  have  been  fully  presented  in  a  previous  communication 


1  It  i»  understood  that  this  action  was  taken  in  view  of  the  fact  that  Wellesley  lies 
outside  the  area  previously  fixed  upon  a>  properly  tributary  to  the  Boston  outfail. 
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(Window  and  PheljM*,  1906).     These  studies  led  to  certain  ge 
conclusions  which  may  be  summarized  as  follows: 

It  will  be  necessary  in  any  treatment  to  screen  otit  targe  floatin 
bodies  and  to  settle  out  mineral  detritus.    This  process  should 
limited  to  a  sedimentation  of  a  few  minutes.    Under  such  conditi 
the  settled  material  amounts  to  about  16,000  pounds  (  65  cubic  y 
per  million  gallons  of  sewage,  and  Is  of  such  a  character  that  it  ma 
be  spread  out  on  land  without  fear  of  nuisance, 

A  further  removal  of  the  suspended  organic  matter  may  be  effect 
if  desired,  by  treatment  in  the  septic  tank.  In  our  experiments 
open  tank  operated  as  well  as  a  closed  tank*  Varying  the  sto 
period  from  twelve  to  forty-eight  hours  produced  no  difference  in  t 
effluents  which  was  measurable  by  analytical  results.  The  tanks  stud: 
removed  nearly  two-thirds  of  the  impended  matter  and  yielded  I 
effluent  which  was  clear,  but  much  darkened  by  sulphides.  The  tan" 
on  an  average  received  fifty  pounds  of  nitrogen  as  albuminoid  amnion' 
(dissolved  and  suspended),  of  which  thirty  pounds  were  discharged  i 
the  effluent,  fifteen  to  seventeen  pounds  decomposed,  and  three  to  fi 
pounds  stored  as  sludge.  In  the  decomposition  of  sludge  the  length 
the  septic  period  was  of  great  ini|>ortance.  The  amount  of  organic  sol1 
stored,  undecomposed,  per  million  gallons  of  sewage  passed  was  twi 
as  great  with  a  forty-eight -hour  period  as  with  a  twenty-four-hour  peri 
and  four  times  as  great  as  with  a  twelve-hour  period. 

Under  the  conditions  of  these  experiments,  crude  Boston  sewage 
successfully  filtered  through  a  2-foot  bed  of  sand  with  an  effective 
of  .14  mm  ,  at  a  rate  of  .4  million  gallons  {400,000  gallons)  per  acre 
day,  divided  into  four  doses  in  the  twenty-four  hours.    Such  high  rat 
should  not  be  expected  tn  actual  practice,  with  outdoor  bed*,  partic 
tarty  during  the  winter  months.    In  communities  with  limited  san 
areas  much  might  be  accomplished,  however,  by  frequent  cleaning 
the  surface  of  the  beds;  and  it  is  interesting  to  know  that  with  c 
in  construction  and  operation  the  sand  filter  may  be  efficient  at  higher 
noes  than  have  been  generally  advocated.    The  effluents  obtained  from 
the  sand  beds  in  these  experiments  were  clear,  bright,  and  well  purine 
Preliminary  septic  treatment  for  twelve  or  twenty-four  hours  did  nc 
improve  the  effluents  obtained  with  sand  filtration,  although  it 
the  care  of  the  surface  of  the  beds  somewhat  easier. 

It  was  found  that  crude  Boston  sewage  could  be  treated  in  I 
CQalart  beds  of  fine  stone  [)4  inch  in  diameter)  at  a  rate  of 
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1.2  million  gallons  per  acre  per  day.  The  effluent,  though  only  par- 
tially purified,  was  generally  so  stable  that  it  could  be  discharged  into  a 
considerable  volume  of  water  without  any  tendency  to  create  a  nuisance. 
The  beds  clogged  rapidly  and  the  surface  needed  much  attention.  The 
double-contact  system  of  treatment,  in  primary  beds  of  2-inch  material 
and  secondary  beds  of  }£  -inch  material,  yielded  a  fairly  well  purified  and 


Fig.  i. —  Plan  of  Experimental  Plant 


stable  effluent  at  a  rate,  on  the  combined  double  system,  of  about  0.7  mil- 
lion gallons  per  acre  per  day,  with  beds  6  feet  deep.  This  system 
clogged  much  less  seriously,  but  nevertheless  lost  sufficient  capacity  to 
require  renewal  every  few  years.  Preliminary  septic  treatment  obviated 
this  loss  of  capacity  to  a  considerable  extent. 

Experiments  with  continuous,  trickling,  or  sprinkling  filters  showed 
results  equal  to  those  obtained  with  the  double-contact  system  at  much 
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higher  rates,  and  suggested  that  this  method  would  probably  prove  the 
n»i*t  practical  of  all.  Three  such  tanks  were  studied,  one  from  1903 
cm  and  the  other  two  in  1904  and  1905.  They  were  operated  at  rate 
between  1.5  and  2.5  million  gallons  per  acre,  producing  tuibid  but  fairlj 
stable  effluents*  and  were  entirely  free  from  surface  clogging.  To  has 
conclusions  as  to  the  efficiency  of  trickling  filters  upon  tanks  onlj 
16  square  feet  in  area,  dosed  with  tipping  buckets  and  operated  unde 
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teemed,  however,  unwise.    For  such  a  general  survey  a 
contemplated  in  our  preliminary  work,  and  particularly  for  studies 
contact  beds,  small  indoor  filters  are  of  value ;  but  the  two  important 
points  in  the  operation  of  the  trickling  filter  are  the  system  of  distrib 
tkm  and  the  effect  of  winter  conditions,  neither  of  which  can  be  studic 
on  a  small  scale.    We  therefore  constructed  in  August,  1905,  an  out- 
door filter  of  adequate  size,  which  has  been  successfully  operated  for 
nearly  two  years;  this  has  yielded  results  which  we  believe  to 
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II.    Description  of  the  Experimental  Plant 

The  Sewage  Experiment  Station  of  the  Massachusetts  Institute 
of  Technology  is  situated  in  the  southeastern  portion  of  the  city  of 
Boston,  near  the  corner  of  Albany  Street  and  Massachusetts  Avenue. 
It  includes  a  small,  two-story  laboratory  building,  a  two-story  tank 
house,  and  the  trickling  filter.  Septic  tanks  and  sedimentation  basins 
are  placed  inside  the  tank  house.  The  general  arrangement  of  the 
tank  house  and  filter  is  shown  in  Figures  I  and  2. 

Sewage  for  the  use  of  the  station  is  obtained  from  the  9-foot  trunk 
sewer  of  the  Boston  Main  Drainage  Works  at  a  point  where  there  is 
a  flow  of  some  fifty  million  gallons  a  day  from  a  contributing  popu- 
lation of  250,000.  It  is  raised  by  a  4  X  6  Warren  duplex  pump,  being 
roughly  settled  on  the  way  by  passage  through  a  grit  chamber,  19  inches 
in  diameter  and  16  inches  deep,  fitted  with  a  screen  whose  bars  are 

inch  apart.  The  sewage  is  then  raised,  without  further  sedimenta- 
tion, by  a  ^  -inch  centrifugal  pump  to  the  distributing  tank,  shown  in 
the  plan  and  section,  Figures  1  and  2  No  sludge  was  removed  from 
this  tank,  and  the  inflow  was  kept  always  in  excess  of  the  outflow,  a  con- 
stant head  being  maintained  by  wasting  over  a  36-inch  weir  at  one  end. 
From  the  opposite  end  of  the  distributing  tank  sewage  flowed  to  one 
of  the  trickling  beds,  filter  A,  over  a  i-inch  brass  weir,  the  crest  of 
which  could  be  raised  or  lowered  by  a  micrometer  screw.  By  regulation 
of  this  crest  in  relation  to  the  constant  height  on  the  waste  weir  it  was 
possible  to  obtain  any  desired  flow  on  the  filters.  A  depth  of  about 
1  inch  on  the  small  weir  corresponded  to  200  gallons  per  hour,  or 
2,000,000  gallons  per  acre  per  day,  the  rate  in  use  for  the  past  two 
years. 

From  one  side  of  the  distributing  tank  sewage  flowed  continuously 
through  a  short  length  of  2}£-inch  iron  pipe  to  the  first  of  the  septic 
tanks.  These  were  open  cypress  tanks,  6X4  feet  X  3  feet  deep, 
connected  in  series  by  2  ^ -inch  iron  pipe. 

The  general  arrangement  of  the  septic  tanks  is  indicated  in  Figure  1 . 
Only  Nos.  1,  4,  and  5  were  used  during  the  first  twelve  months  of 
the  investigation.  In  October,  1906,  the  direct  connection  between 
1  and  4,  and  4  and  5,  was  cut  off  and  Nos.  2  and  3  brought  into  the 
series.  The  distributing  tank  and  all  five  septic  tanks  have  since  that 
time  been  in  open  connection,  the  level  in  all  being  controlled  by  the 
large  waste  weir  of  the  distributing  tank.     The  septic  tanks  were 
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provided  with  wooden  baffles,  arranged  as  shown  in  Figure  i.  ITic 
total  capacity  of  the  septic  system  was  equal  to  twelve  hours*  flow, 
and  its  division  into  five  separate  tanks  made  it  possible  to  study 
successive  stages  in  the  septic  process.    From  the  last  tank,  a  i-inch 
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brass  wdr,  exactly  like  that  on  the  distributing  tank,  regulated  the 
low  on  the  second  trickling  bed,  filter  H. 

A  genera]  view  of  the  trickling  beds  ts  shown  in  Figtur  3.  The 
combined  superficial  area  of  both  beds  was  200  *quarc  feet,  and  the 
depth  8  feet,  A  central  partition  of  2-inch  spruce  planking,  with 
matched  joints,  divided  the  total  area  into  two  separate  beds,  each 
IO  feet  square.    Filter  A  treated  crude  sewage  and  filter  B  septk 
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effluent.  Both  beds  were  filled  with  crushed  stone,  granite,  and  trap, 
between  t     and  2  inches  in  diameter. 

The  construction  of  the  niters  was  as  follows :  For  a  foundation, 
4X4  inch  spruce  beams  were  buried  in  the  ground,  with  top  surfaces 
flush.  A  hemlock  floor  1  inch  thick  was  next  laid  and  covered  with 
a  layer  of  1  to  2  Portland  cement  mortar,  I  inch  thick  at  the  inner 
corner  of  the  filters  near  the  tank  house,  and  sloping  up  to  a  thickness 
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of  3  inches  at  the  opposite  side.  Four  radiating  channels  in  the  cement, 
)4  inch  deep,  aided  the  flow  to  the  inner  corners,  from  which  the  efflu- 
ent was  conducted  into  the  tank  house  by  i^-inch  iron  pipes,  8  feet 
long,  with  a  slope  of  about  1  foot.  The  sides  of  the  filter  (Fig.  3)  were 
of  spruce  planks,  with  j4  to  2-inch  openings  between  them,  the  lower 
1 8  inches  being  entirely  open.  These  sides  were  supported  by  4  X  4 
inch  uprights,  braced  on  all  sides  and  tied  at  the  tops  by  >£-inch  iron 
rods.     On  the  cement  floor  two  layers  of  brick  were  laid  in  open 
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courses  a*  shown  in  Figure  4,  to  ensure  good  undcrdrainage. 
these  were  18  inches  of  bowlders  and  65  inches  of  the  main  fills 
material  —  \  %  to  2*inch  crushed  stone. 

For  spraying  sewage  over  the  surface  of  the  filter  a  new  meth 
wan  devised,  which  we  have  called  the  system  of  gravity  distribution 
This  was  described  by  us  a  year  ago  (Winslow  and  Phelps,  1906  4),  ai 
baa  since  been  adopted  by  the  Massachusetts  State  Board  of  Ileal 
for  its  experimental  Alter  at  Andover  (Clark,  1907).    In  this  systc 
a  fine  spray  is  produced,  not  by  throwing  the  sewage  up  into  the  a 
from  a  fixed  nozzle,  but  by  discharging  it  downward  from  an  openii 
in  the  bottom  of  a  trough  on  to  a  concave  metal  plate,  from  which 
splashes  upward.    The  plan  first  adopted  allowed  four  such  splashln 
disks  for  each  of  our  two  filters.     During  this  period  the  arrangemen 
of  the  system  was  as  follows; 

The  sewage  from  the  two  dosing  weirs,  in  the  distributing  tank  ai 
in  the  septic  tank  No.  J,  flowed  out  from  the  tank  house  through 
wooden  troughs,  3  inches  in  width  and  3  inches  deep.  From  these  the 
sewage  drop)**!  into  similar  trough*,  which  ran  from  corner  lo  corner 
of  each  of  the  two  fitters,  joining  at  the  centre  in  die  form  of  a  cross. 
The  sewage  passed  into  this  cross  at  its  centre,  flowed  out  into  the  four 
arms,  and  dropped  through  >£-inch  holes  to  the  disk  distributors,  four 
to  each  bed,  100  square  feet  in  area,  In  each  hole  was  a  3-inch  piece 
of  H-inch  brass  tubing,  threaded  on  its  upper  inch  and  screwed  to  a 
lock  nut  inside  the  trough.  Any  inequality  in  distribution  due  to 
change  in  the  level  of  the  distributing  troughs  wis  easily  corrected 
by  changing  the  position  of  this  short  tube.  Below  the  troughs  the 
stream  of  sewage  was  protected  from  the  wind  by  a  box  extending 
down  for  12  inches,  and  at  15  inches  below  the  trough  the  stream 
struck  a  shallow  concave  disk,  from  which  it  splashed  outward.  On 
the  filter,  as  operated  during  the  first  year,  these  disks  were  3  inches 
In  diameter,  and  their  concavity  had  a  6-inch  radius.  Each  was  held 
fat  place  by  four  %  -inch  brass  rods.  The  general  arrangement  of  this 
distribution  system  is  shown  in  Figure  3,  It  worked  with  fair  success, 
breaking  up  the  sewage  well,  and  not  requiring  an  excessive  amount 
of  attention.  Some  difficulty  was  experienced  during  the  winter  of 
1905-06,  but  the  beds  remained  in  operation*  On  the  coldest  days 
an  mhftBa  of  ice  surrounded  each  disk,  somewhat  limiting  the  surface 
distribution ;  but  within  this  shield  the  spray  worked  well 

With  disks  spaced  in  this  manner,  however,  there  were  considerable 
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tuU'ffft'Atoin  wvk*  oi  th*:  filter  which  dkl  not  receive  sewage,  while  the 
(✓/rlj//r>*  'Urr/ily  nxuSt.f  th#:  di?>k*  were  operating  at  excessive  rates.  Dur- 
ing f  lv-  *ufUff*  r  of  %t//)  pooling  occurred  on  the  raw  sewage  side,  and 
\t%  S'/vwi^r  of  that  year  we  substituted  for  the  four  splashing  disks 
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on  filter  A  a  single  splashing  di>k  ot  the  s,tmo  tyiv,  placed  at  the 
eentre  ot  the  sqiuue.  This  sim.K-  disk,  with  huir  times  the  discharge 
u|H>n  it,  jjavo  u  nuieh  bettei  distiiluition  o\er  the  lotoot  square  than 
It*  lour  pietleeessovs.  A  detailed  studs  ot  the  ertieieney  ot  various 
trli  kliuK  filter  distributors  ^YYmslow.  1 'helps,  Su>i\,  and  MeRae.  1007) 
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has  shown  that  this  type  of  splashing  disk  gives  more  even  distri 
tkm  than  any  other  device,  except  certain  complicated  pressure  nozzles 
with  small  openings.  For  purposes  of  comparison  we  installed  on 
filter  B  a  pressure  nozzle  of  the  type  used  in  the  early  experiment* 
at  Columbus,  Ohio.  This  has  "a  single  orifice,  ft  inch  in  diameter 
with  rounded  edges,  above  which,  held  by  two  thin  arms,  is  an  inv 


FIXED  SUSPENDED  .SOLIDS 

QUARTER     YC^R  CNQiNG 

1305  I  dOe  190? 

Dec        n*  R         JUNC        3LPT         DEC  n** 


SO 

t 

-4 

-5  

7 

*  

X- 

1 
I 

70 

-E  

u 



— /  

f 

*— * 

TT 

-A: 

1 

/ 

«5<> 

or 

/  * 



4 — 7 

4tQ 

\ 

 \ 

40 

eo 
10 

£  

 ^ 

/ 

— 

0 

3£  WA^d   


Fia  6,— QeASTtmLT  Vaiiatiojii  ih  Fmo>  Si*riNi»*»  SouMt 
Skwaok  ascp  Eirrurs^rr*  * 


900  cone,  the  axis  of  the  cone  coinciding  with  the  axis*  of  the 
The  jet  on  leaving  the  orifice  impinge*  against  the  cone  and  is 
formed  intn  a  thin  sheet,  spreading  nut  radially  and  breaking 
shower  of  fine  drops'*  (Gregory,  1906). 

A  nozzle  with  an  orifice  as  large  as  that  of  the  Columbus  sprii 
when  operated  with  a  4-foot  bead,  as  in  our  experiments,  pmduc 
excessive  discharge.    We  therefore  placed  a  dosing  chamber  hetweer 
septic  tank  5  and  filter  B,  equipped  with  an  automatic,  air-lockec 
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siphon,  discharging  at  a  head  of  4  feet  and  cutting  off  at  3  feet.  Ball 
floats  operated  the  air  valves,  which  started  and  cut  off  the  siphon 
sharply  at  the  beginning  and  end  of  its  discharge.  In  operation,  the 
siphon  tank  filled  in  one  minute  twenty-six  seconds,  and  took  one 
minute  ten  seconds  to  empty.  It  discharged  through  a  2-inch  pipe, 
which  passed  into  filter  B  about  6  inches  below  its  surface,  rising 
again  at  the  centre  of  the  bed  just  above  the  level  of  the  stones. 

The  effluent  from  each  filter,  as  pointed  out  above,  was  conducted 
by  the  sloping  cement  floor  to  the  inner  corner  of  each  bed,  thence 
flowing  through  1  j£  -inch  iron  pipes  to  the  lower  floor  of  the  tank  house. 
Since  January,  1906,  the  effluents  from  the  filters  have  been  sedimented 
in  tanks  of  special  design  (see  Figs.  2  and  19).  Each  was  a  simple 
inverted  cone,  with  a  diameter  at  the  top  of  7  feet  2  inches  and  a 
height  of  4  feet  This  form  was  not  so  favorable  for  sedimentation 
as  the  Dortmund  tank,  with  sides  parallel  in  the  upper  part,  but  was 
adopted  to  suit  the  head  room  and  area  at  our  disposal.  At  the  centre 
of  each  tank  a  vertical  tube,  6  inches  in  diameter,  extended  to  within 
1  foot  1%  inches  of  the  bottom.  Into  the  top  of  this  tube  the  filter 
effluent  was  discharged,  its  velocity  being  checked  by  a  3-inch  conical 
cup.  The  liquid  passed  out  into  the  tank  near  the  bottom  of  the  tube 
through  openings  in  its  sides.  Sludge  was  removed  once  a  day  or 
once  in  two  days  from  the  bottom  of  the  tank  by  the  valve  shown  in 
the  diagram.  The  supernatant  liquor  rose  and  overflowed  through  two 
2X3  inch  collecting  troughs.  The  capacity  of  each  tank  was  such 
as  to  give  a  two  hours'  storage  period  when  the  filter  was  running  at 
a  rate  of  2,000,000  gallons  per  acre  per  day. 

III.    Methods  of  Sampling  and  Analysis 

All  chemical  examinations  were  of  composite  samples.  Portions  were 
collected  every  three  hours,  day  and  night,  and  at  once  chloroformed ; 
these  were  mixed  and  analyzed  at  the  end  of  each  week.  One  compos- 
ite sample  of  the  sewage  and  of  each  effluent  was  analyzed  each  week 
for  the  whole  period  of  investigation. 

Turbidity  and  sediment  were  observed  in  each  sample  by  the  use 
of  the  Jackson  turbidimeter  recalibrated  for  coarse  material  1  Phelps, 
1905).  Total  and  fixed  solids  were  determined  by  the  Gvxvh  crucible 
method  of  Kimberly  and  Hommon  {ioc6>. 

Total  organic  nitrogen  values  were  obtained  by  a  modified  K/eldah! 
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method,  previously  described  < Phelps,  1905),  and  during  the  last 
ocs&lcnzations  have  been  made  directly  by  a  method  devised  by  Whipf 
at  this  laboratory  (Whipple,  L.,  1907), 

Free  ammonia  was  read  by  direct  ncsslerizatlon  against  permanen 
standards.    For  nitrates  the  brucinc  method  was  used  (Famsteiner, 
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1903).   M  Oxygen  consumed  "  was  determined  after  thirty  minutes*  I 
tag  on  the  water  bath.    This  determination,  and  all  others  not  spe- 
cifically mentioned,  were  made  according  to  the  standard  procedure 
recommended  by  the  Committee  of   the  American  Public  He 
Association  (1905). 
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Experience  with  the  newer  processes  of  sewage  treatment  has  made 
it  clear  that  the  ordinary  methods  of  analysis  are  insufficient  by  them- 
selves to  furnish  all  the  information  necessary  with  regard  to  the  char- 
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acter  of  a  sewage  effluent.  Our  knowledge  of  sewage  cnemistry  has 
not  yet  made  it  possible  to  discriminate  clearly  between  putrescible 
organic  matter  and  those  more  stable  "  humus-like  "  comixninds  which 
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do  not  undergo  putrefactive  decomposition.  With  intermittent  sand 
filter*,  effluents  are  obtained  which  contain  only  a  small  amount  of 
organic  matter  of  any  sort ;  and  the  purity  of  such  effluents  is  easily 
demonstrable  by  oxygen  consumed  and  nitrogen  determinations.  With 
effluents  from  contact  and  trickling  filters,  on  the  other  hand,  the 
ordinary  analytical  data  do  not  offer  a  complete  criterion  of  quality. 
An  effluent  may  contain  a  considerable  amount  of  organic  nitrogen 
and  give  a  high  value  for  oxygen  consumed,  and  may  yet  prove  of 
excellent  quality  because  its  organic  matter  is  in  a  stable  form.  In 
such  cases  it  becomes  necessary  to  supplement  sanitary  analysis  by 
some  practical  test  of  keeping  quality.  Such  a  test,  if  its  technique 
is  easy,  can  be  made  to  advantage  at  more  frequent  intervals  than  the 
more  elaborate  chemical  examinations;  and  in  small  plants,  where 
the  bitter  arc  out  of  the  question,  it  alone  may  prove  of  considerable 
value. 

Although  the  terms  putrescible  and  non-put  alible  stand  for  quite 
definite  characteristics,  yet  the  scjiaration  of  effluents  of  various  degrees 
trf  purity  into  these  two  classes  depends  to  a  considerable  extent  upon 
the  test  employed  for  the  purpose,  and  none  of  the  older  tests  fot 
stabibty  has  proved  wholly  satisfactory.  The  u  smell  test  M  is  inexact," 
and  at  the  other  extreme  the  determination  of  oxygen  consumed,  djs* 
solved  oxygen,  nitrates,  and  nitrites  is  too  cumbrous  a  process  for 
routine  work.  Furthermore,  it  docs  not  accurately  measure  the  rela- 
tion of  oxidtzahle  matter  to  available  oxygen,  since  the  oxygen  consumed 
by  permanganate  bears  a  variable  relation  to  the  organic  matter  which 
is  oxtdtzablc  under  natural  conditions*  The  "Manchester  test "  is  some- 
what more  satisfactory ;  but  this,  too,  yields  abnormal  results  at  times, 
and  only  divides  effluents  into  two  nmgh  classes,  without  distinction  as 
to  their  relative  grade. 

A  new  putrcscibility  test,  simple  in  technique  and  measuring  accu- 
rately and  delicately  the  relation  between  available  oxygen  and  oxidiiable 
matter,  has,  therefore,  been  a  desideratum.  Such  a  method  appears  to 
be  at  hand  in  the  methylene  blue  test,  first  devised  by  Spilta  (1903) 
for  the  study  of  stream  pollution,  and  later  more  thon  Highly  worked  up 
by  Spitta  and  Weldcrt  {1906)  as  a  test  for  sewage  effluents.  The 
technique  employed  is  extremely  simple.  A  small  portion  of  an  aque- 
ous solution  of  the  dye  (in  our  experiments  t  c.c.  of  a  *l  per  cenL 
arilution)  is  added  lo  the  effluent  in  a  glass-stoppered  bottle  (250  ex. 
capacity  in  our  work),  and  the  sample  is  then  incubated  either  at 
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20°  C.  or  at  370  C.  The  blue  color  of  the  solution  remains  practically 
unchanged  during  the  period  of  observation  until  the  available  oxygen 
contained  is  used  up  and  putrefactive  conditions  arise.  At  this  point 
the  dye  is  reduced  and  decolorized.  The  time  required  for  decolor- 
ization  is  a"4  quantitative  measure  of  the  degree  of  putrescibility  of  the 
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sample,  and  the  retention  of  the  color  for  a  period  of  four  days  or  more 
at  200  C,  or  of  two  days  at  370  C,  may  be  taken  as  an  indication  of 
good  stability.  The  criticism  of  Johnson,  Copeland,  and  Kimberly  (1906), 
that  "substances  other  than  putrescible  organic  matters,  such  as  sul- 
phide of  iron  and  hydrogen  sulphide,"  discharge  the  color  of  methylene 
blue  before  the  putrescible  matters  themselves  are  able  to  act,  does  not 
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seem  to  us  well  taken,  since  such  substances  an:  present  only  when  th 
effluent  as  a  whole  is  in  unstable  condition. 

Spitta  and  Weldert  state  that  putrefaction  occurs  from  two  to  fo 
times  as  fast  at  370  a*  at  the  ordinary  room  temperature.    We  hav 
made  a  somewhat  fuller  study  of  this  temperature  factor  and  of  sum 
other  points  in  connection  with  the  methylene  blue  test,  which  ha 
been  reported  elsewhere  (Phelps  and  Window,  1907).     For  twent 
samples  of  trickling  filter  effluents,  the  decoloriotion  times  at  20*  ai 
at  37°  were  determined  to  the  nearest  half  day,  and  the  ratios*  of  1 
10*  times  to  the  370  times  are  tabulated  in  Table  I.    The  ac~ 
number  of  days  varied  from  half  a  day  to  thirteen  days  at  370  C 
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With  the  exception  of  two  very  low  ratios  (  5  and  t)  and  one  hi#jh 
ratio  (4),  all  these  figures  fall  between  1.4  and  27,  and  the  average  of 
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all  is  exactly  2.  It  may  be  considered,  therefore,  that  methylene  blue 
samples  will  generally  decolorize  at  370  in  half  the  time  required  at  200. 

It  must  be  remembered  in  interpreting  this  table,  and  all  others  in 
which  comparative  decolorization  tests  are  recorded,  that  each  test  must 
be  made  in  a  separate  bottle ;  and  since  the  sampling  of  sewage  is  never 
perfect,  there  will  be  variations  due  to  chance  differences'  in  the  several 
bottles  compared.  This  is  particularly  true  in  work  like  that  later  cited 
in  Table  III,  in  which  decolorization  tests  were  made  in  one  bottle  and 
analytical  data  determined  on  another. 

In  general,  it  appears  from  Table  I  that  results  obtained  at  200  bear 
to  those  obtained  at  370  the  ratio  of  2  to  1.  Stable  samples  are  stable 
at  any  temperature.  In  grading  putrescible  samples,  however,  it  is 
evidently  necessary  to  select  one  temperature  and  to  use  it  for  all 
comparative  work.  The  temperature  of  the  body  has  the  advantage 
that  it  gives  results  more  promptly.  Any  sample  which  does  not 
decolorize  in  four  days  is  certainly  stable,  and  a  two  days*  limit  would 
include  almost  all  putrescible  effluents.  The  200  method,  however, 
from  the  very  fact  that  it  is  slower,  permits  a  more  delicate  measure- 
ment of  the  relative  differences  between  putrescible  effluents  of  differ- 
ent grades.  Decolorization  here  may  occur  from  the  first  up  to  the 
fourteenth  day.  Slight  variations  from  200  will  not  introduce  a  serious 
error  in  the  test,  and  diffuse  daylight  does  not  appreciably  interfere 
with  it.  A  series  of  control  experiments  made  in  daylight,  in  a  box 
at  the  room  temperature  (in  summer),  and  in  an  incubator  at  200,  are 
recorded  in  Table  II,  and  indicate  that  the  test  could  be  made  in  an 
ordinary  room  with  fairly  controlled  temperature.  Experiments  made 
during  cold  weather  in  a  small  frame  building  heated  by  a  stove  showed 
marked  abnormalities,  on  the  other  hand,  and  emphasize  the  fact  that 
temperature  variations  cannot  be  allowed  to  go  too  far. 
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With  regard  to  the  significance  of  the  methylene  blue  test  in  relation 
to  the  specific  chemical  changes  which  go  on  in  putrefaction,  Spitta  and 
Weltlert  have  little  to  say,  beyond  pointing  out  that  decolorization  takes 
place  only  aiter  all  the  available  oxygen  has  been  exhausted,  which  point 
they  illustrate  by  a  single  experiment.  We  have  studied  the  relation 
between  decolorization  and  chemical  processes  a  little  more  fully,  and 
the  results  of  the  examination  of  five  samples  of  trickling  effluents  arc 
•bown  in  Tabic  ttt 
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TABLE  III — Oxygen  Changes  in  Putrescible  Trickling  Filter  Effluents 


Decoloration  of  Methylene  Blue  Indicated  by  • 
(Parts  per  Million) 
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It  is  evident  that  the  free  dissolved  oxygen  is  absorbed  first  by  the 
organic  compounds  present ;  then  the  nitrates  disappear,  and  finally 
the  nitrites;  and  the  methylene  blue  is  generally  attacked  just  after  the 
disappearance  of  the  latter.  Sometimes,  as  in  samples  2  and  3,  there  is 
a  considerable  delay  between  the  disappearance  of  nitrites  and  the  decol- 
orization  of  the  methylene  blue.  This  may  probably  occur  when  the 
organic  matter  and  the  available  oxygen  are  about  evenly  balanced, 
so  that  after  the  exhaustion  of  the  oxygen  putrefactive  changes  are 
set  up  somewhat  slowly.  Whenever  the  methylene  blue  is  decolorized 
't  may  be  assumed  that  all  oxygen  as  nitrates  or  nitrites  has  disap- 
peared ;  and,  vice  versa,  when  the  blue  color  is  retained  traces  of  these 
bodies  are  generally  present.  This  condition  is  illustrated  in  Table  IV 
for  trickling  filter  effluents  which  did  not  decolorize  after  fourteen  days 
at  370.    It  will  be  noticed  that  these  effluents  contained  a  considerable 
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amount  of  organic  matter  as  measured  by  "oxygen  consumed,"  and  that 
in  all  cases  there  was  a  marked  reduction  in  oxygen  content  durir 
incubation.  Nitrites  and  nitrates  remained,  however,  in  all  but  three 
cases.  This  condition  may  be  compared,  for  contrast,  with  that  of  the 
putrcsciblc  effluents  in  Table  III  and  with  four  other  sets  of  analyses 
quoted  in  Table  V. 
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An  interesting  practical  question  arises  as  to  the  relation  of  the 
methylene  blue  test  to  the  original  constitution  of  the  effluent  as  deter- 
mined by  chemical  analysis.  If  our  methods  were  sufficiently  precise 
we  should  be  able  to  predict  from  determinations  of  organic  matter 
and  oxygen  just  what  the  result  of  their  interaction  will  be.  The 
condition  of  an  effluent,  as  indicated  by  the  relation  of  oxygen  consumed 
to  available  oxygen,  corresponds,  however,  only  roughly  to  its  putresci- 
bility.    Comparing  Tables  III,  IV,  and  V,  a  general  difference  between 
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the  stable  and  putrescible  samples  is  apparent,  the  former,  in  Table  IV, 
having  on  the  whole  a  considerably  higher  ratio  of  available  oxygen  to 
oxygen  consumed  than  the  latter,  as  shown  in  Tables  III  and  V.  There 
are,  however,  many  samples  which  contradict  this  general  rule,  and 
we  have  been  unable  on  any  basis  of  calculation  to  find  a  marked 
and  constant  difference  in  analysis  between  stable  and  putrescible 
samples.  This  has  been  still  more  forcibly  brought  out  in  our  routine 
experiments.  For  a  considerable  period,  as  will  be  shown  later  on, 
one  of  our  trickling  beds  gave  stable  effluents,  while  those  from  the 
other  bed  were  putrefactive.     Yet  at  the  same  time  there  were  no 
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«gntficant  differences  in  the  nitrogen  and  oxygen-consumed  values 
of  the  two  effluents.  It  is  evident  that  certain  factors  affect  the 
stability*  of  an  effluent  which  are  not  revealed  by  the  ordinary  methods 
of  sanitary  chemistry ;  and  since  this  property  of  stability  is  precisely 
the  point  of  greatest  significance  in  sewage  purification,  the  methylene 
blue  test  seems  to  us  of  supreme  value  in  judging  the  work  of 
trickling  filters.  We  have  therefore  used  it  since  February,  1906, 
m  all  our  routine  work,  making  daily  tests  of  crude  sewage,  septic 
effluent,  and  trickling  effluents  before  and  after  sedimentation. 

Bacterial  samples  of  sewage  and  effluents  were  taken  three  times 
a  week  from  October,  1906,  to  April,  1907,  and  counts  were  made  on 
litmus  lactose  gelatin  at  200.  As  a  presumptive  test  for  /?.  coti  the  bile 
medium  of  Jackson  (1906)  was  used.  As  in  Jackson's  work,  natural 
ox-bile  was  used,  with  the  addition  of  1  per  cent.  lactose;  but  we 
incubated  our  tubes  for  three  days  instead  of  two,  which  time  he  first 
recommended.  The  reason  for  this  was  that  a  series  of  sixty  pre* 
liminary  tests  gave  the  results  shown  in  Table  VI,  which  indicated 
that  forty-eight  hours  is  too  short  a  time  to  allow  the  development 
of  all  the  gas-forming  organisms  present. 

TABLK  VI  — Pu«mv»  RtACTloKt  with  Rim  MxtueM  at 
VAftiutn  I>ki..i»s 
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For  the  first  three  months  of  regular  use,  October  to  December, 
1906*  the  bile  test  gave  good  results,  yielding  positive  tests  in  crude 
sewage  in  one-millionth  of  a  cubic  centimeter.  In  January,  however, 
either  the  number  of  colon  bacilli  greatly  decreased  or  the  bile  obtained 
was  antiseptic.  In  April  B.  coli  could  not  be  isolated  by  this  method 
from  one  one-thousandth  of  a  centimeter  of  sewage. 


IV.    Composition  ok  Ckl'uk  Sewage 


The  sewage  of  the  south  Metropolitan  district  was  made  slightly 
weaker  in  October,  1904,  by  the  diversion  of  the  flow  from  its 
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outlying  areas  into  the  new  Peddock's  Island  high  level  sewer.  Com- 
paring the  analyses  of  1904-05  with  those  of  1903-04,  a  diminution  of 
about  10  per  cent  in  the  strength  of  the  sewage  was  apparent  The 
analyses  made  since  1905  are  not  comparable  with  preceding  ones, 
since  both  nitrogen  and  oxygen-consumed  methods  were  changed  at 
the  beginning  of  the  present  investigation. 
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The  average  analysis  of  the  crude  sewage  for  each  quarterly  period 
from  October,  1905,  to  June,  1907,  is  shown  in  Table  VII.  Most  of 
the  constituents  were  fairly  constant  throughout  the  whole  period.  The 
first  quarter  of  the  year  is  characterized  by  a  marked  increase  of  dis- 
solved oxygen  and  a  diminution  of  free  ammonia,  clue  to  the  inhibition 
of  bacterial  decompositions  by  low  temperature.  The  second  quarter  of 
the  year  is  marked  by  a  decrease  in  organic  nitrogen,  due  to  the  greater 
dilution  of  house  sewage  at  that  season  with  street  washings  and  melted 
snow.  At  the  same  time,  the  free  ammonia  value  rises  with  the  rising 
temperature  and  more  active  bacterial  decomposition.  On  the  whole, 
the  analyses  indicate  that  the  sewage  used  in  these  experiments  was  of 
about  average  strength  for  an  American  sewage.  It  is  weaker  than 
the  sewages  of  many  small  Massachusetts  cities  where  the  proportion 
of  house  sewage  is  large.  On  the  other  hand,  its  organic  content  is 
slightly  greater  than  that  of  the  sewage  of  Columbus  (Johnson,  1905). 
The  "oxygen-consumed  "  value  is  56  for  Boston  against  51  for  Colum- 


Purification  of  Boston  Stwage 


4" 


bus ;  the  fire  ammonia  value  1 3  9  against  1 1  ;  and  the  Kjcldahl  nitrogen 
figure  9,1  against  9.  Columbus  sewage  contains  only  79  parts  of 
volatile  suspended  solids,  while  Boston  sewage  has  91,  but  shows  130 
ports  of  fixed  suspended  solids  against  44  parts  for  Boston. 

The  average  bacterial  content  of  the  crude  sewage  fn>m  October, 
1906,  to  April,  1907,  inclusive,  was  1,200,000  per  cubic  centimeter  as 
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determined  by  plating  on  !itmus4actose-gelntm  at  20°.  Of  these,  20  per 
cent,  were  acid  formers  and  8  per  cent,  liqueficrs.  The  average  num- 
ber of  bacteria  during  the  summer  month*  would  n<i  doubt  have  been 
considerably  higher,  as  shown  by  previous  investigations  (Winslow, 

■905) 

V.    Results  of  Skptic  THR^THEPrr 

The  septic  system  used  in  this  investigation  consisted,  as  air 
stated,  uf  five  tanks,  each  6  feet  long.  4  feet  broad*  awd  \ 
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These  were  connected  by  2.5-inch  pipes*  and  each  rmrninil  a  hngr 
baffle  projecting'  from  one  corner  nearly  to  the  opposite  comer,  as 
shown  in  Figure  1.  The  path  of  a  particle  of  liquid  m  each  tank  wtm 
about  10  feet  long;  and  the  action  of  all  five  tanks  appraaaafeed  that 
of  a  single  tank  50  feet  long  and  3  feet  wide. 

Experiments  were  begun  August  29*  1905,  with  all  five  tanks  in 
series,  but  Nos.  2  and  3  were  cut  out  October  igt  1905,  and  for  one 
year  three  tanks  alone  were  used.  October  15,  1906*  the  two  extra 
tanks  were  again  placed  in  connection  with  the  others.  For  the  first 
year  the  total  septic  period  was  about  seven  hours,,  and  for  the  last 
eight  months  it  was  twelve  hours. 

On  the  second  day  after  the  tanks  were  first  started  a  scum  formed* 
which  gradually  thickened  so  that  after  seven  days  it  was  sufficiently 
strong  to  retain  gas  bubbles.  Masses  of  black  sludge  were  observed 
rising  to  the  top  of  the  tank  and  floating.  Conditions  remained  almost 
the  same  during  the  entire  course  of  the  investigation.  The  scum 
varied  somewhat  in  amount  from  time  to  time,  never  attaining  a  thick- 
ness of  over  a  quarter  of  an  inch,  and  often  entirely  disappearing. 
Tanks  Nos.  1,  4,  and  5  operated  for  twenty  months*  and  Tanks  Nos,  2 
and  3  for  eight  months,  without  any  superficial  indication  of  undue 
accumulation  of  solids. 

There  are  two  distinct  processes  involved  in  septic  treatment — the 
removal  of  suspended  solids  by  sedimentation  and  the  liquefaction  of 
the  organic  matter  by  bacterial  action.  The  first  of  these  processes  is 
measured  by  the  character  of  the  effluent  discharged,  and  Table  VIII 
indicates  what  our  septic  tanks  accomplished  from  this  standpoint. 
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TABLE  VIII— ConFtMHTiow  or  Septic  Effluent 
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Comparing  the  analyses  of  the  septic  effluent  with  those  of  tl 
crude  sewage  (Table  VII),  it  appears  that  the  tank  system  remove 
40  per  cent  of  the  total  suspended  solids  and  59  per  cent,  of  the 
fixed  suspended  solids.  There  was  a  28  per  cent,  decrease  in  the 
total  organic  nitrogen  and,  curiously  enough,  a  26  per  cent,  decrease 
in  the  organic  nitrogen  in  solution.  This  latter  point  shows  that  the 
septic  tank  exercises  a  certain  bacterial  purification  besides  its  primary 
sedimentary  action.  On  the  other  hand,  and,  indeed,  as  a  result  of 
the  decomposition  of  organic  nitrogen,  the  tank  effluent  showed 
26  per  cent  increase  in  free  ammonia.  "Oxygen-consumed*1  vak 
were  about  the  same  in  the  effluent  as  in  the  crude  sewage. 

Some  interesting  points  are  brought  out  by  a  study  of  the  quarterly 
analyses,  which  are  plotted,  for  the  more  important  constituents  in 
Figures  5  to  it.  Taking  the  organic  matter  first,  it  appears  from  Fig- 
ure 7  that  the  removal  of  this  type  of  material  as  a  whole  does  not 
vary  materially  from  season  to  season.  Figure  ft  shows,  however,  that 
the  soluble  organic  nitrogen  is  much  more  strikingly  reduced  during 
the  second  and  third  quarters  of  the  year  than  at  other  times.  At  the 
wne  season,  as  appears  from  Figure  9,  the  production  of  free 
monta  in  the  septic  tank  increases  rapidly.  These  phenomena  arc  hot 
of  course,  correlated  with  the  increased  bacterial  action  which  foil 
the  setting  in  of  warm  weather    The  same  close  relation  bet 
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septic  action  and  temperature  has  been  shown  by  Kinnicutt  and  Eddy 
(1902),  in  their  study  of  the  gases  formed  in  a  closed  septic  tank. 
This  point  is  of  much  importance  in  plans  for  the  use  of  septic  tanks 
under  varying  climatic  conditions,  as  Fowler  has  pointed  out.  In 
India  septic  tanks  work  to  perfection,  while  in  Russia  they  are 
unsatisfactory  (Fowler,  1907). 


Fig  i> — View  of  Gravity  DicntiHtrrom  is  Operation 

Turning  to  Figures  5  and  6,  it  appears  that  the  septic  tank  is  least 
efficient  in  the  removal  of  suspended  solids  just  at  the  time  when  its 
period  of  greatest  biological  activity  begins;  that  is,  in  the  second 
quarter  of  the  year.  This  we  explain  by  the  aetive  fermentation  which 
manifests  itself  in  the  lifting  of  masses  of  sludge  from  the  bottom  of 
the  tank  and  the  general  stirring  up  of  its  contents,  and  naturally 
tadt  to  the  discharge  in  the  effluent  of  a  larger  proportion  of 
suspended  matter  than  at  times  of  comparative  rest. 
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Figures  to  and  I  t,  showing  the  relations  for  carbonaceous  matter* 
as  indicated  by  the  *'  oxygen-consumed  "  test,  arc  somewhat  surprising 
from  the  close  parallelism  which  they  indicate  between  the  sewage 
and  the  septic  effluent.  Matter  of  this  class  was  apparently  not  ap- 
preciably decomposed  and  scarcely  affected  by  sedimentation.  The 
alternative  to  this  conclusion  is  to  suppose  an  actual  removal  of  car- 
bonaceous matter,  balanced  by  the  production  of  new  reducing  bodies. 
It  is  difficult  to  suppose  that  such  a  process  would  yield  the  uniform 
results  indicated  by  Figure  1 1.  English  septic  tanks  show,  as  a  rule, 
a  distinct  loss  of  u oxygen  consumed"  (Winslow  and  Phelps,  19061?). 

We  believe  that  differences  in  results  of  this  sort  at  different  places 
arc  to  be  explained  in  part,  at  least,  by  the  different  methods  in  use 
in  determining  the  oxygeiKonsumed  value.  The  more  vigorous  the 
oxktuing  action  of  the  permanganate  the  more  nearly  the  results 
approach  the  true  total  carbon  values.  Changes  in  the  nature  of  the 
carbonaceous  matter,  which  do  not  affect  its  total  amount,  are  quite 
obscured  by  analytical  procedures  like  the  present  standard  method, 
involving  a  long  period  (half  an  hour)  of  boiling  The  less  intense 
English  cold  methods,  on  the  other  hand,  give  results  which  are 
markedly  dependent  on  the  nature  as  well  as  the  amount  of  the  car- 
bonaceous matter.  They  are  therefore  extremely  valuable  in  studying 
those  slight  chemical  changes  which  accompany  sewage  purification. 
It  Is  even  possible  to  detect  a  difference  between  the  results  of  the 
present  standard  method,  involving  a  half-hour  boiling,  and  the  older 
Massachusetts  method  of  two  minutes*  boiling,  used  in  this  laboratory 
two  years  ago.  By  the  latter  method  our  six  septic  tanks  showed  an 
average  removal  during  two  years  of  14  per  cent,  of  the  total  "oxygen 
consumed,**  as  compared  with  no  removal  whatever  in  the  present 
series  as  determined  by  the  present  standard  method. 

One  notable  point  brought  out  by  these  diagrams  is  the  fact  that 
the  change  from  three  septic  tanks  to  five,  made  in  October.  1906,  did 
not  appreciably  alter  the  character  of  the  effluent  Judged  by  the 
analytical  results,  seven  hours*  storage  is  apparently  sufficient  to  effect 
all  the  septic  changes  which  will  take  place  in  this  particular  sewage. 

The  extent  to  which  it  accumulates  sludge  is  quite  as  important 
a  point  in  the  working  of  a  septic  tank  as  the  character  of  its  effluent. 
This  point  was  studied  by  the  method  used  in  our  previous  investi- 
gations. On  three  occasions—  June  30,  1906,  when  the  tanks  had 
run  eight  month*;  July  I,  1907,  after  they  had  run  twenty  months; 
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and  August  j,  1907,  after  they  had  stood  without  the  addition  of  fresh 
lewage  for  one  month  —  the  inlets  and  outlets  of  all  the  tanks  were 
cloned  and  the  contents  of  each  tank,  including  scum  and  sludge, 
were  thoroughly  stirred.  Samples  of  the  suspension  thus  produced  were 
then  analyzed  in  order  to  gain  an  idea  of  the  material  which  had  accu- 
mulated during  the  whole  period  of  operation.  The  results  are  shown 
in  Table  IX.    The  analyses  refer  to  the  total  liquid  and  solid  contents 


Ita  14,—  View  up  CouJMtius  Sprinkler  in  Operation 

of  each  tank  at  the  time  its  operation  ceased,  a  suspension  containing 
about  98  per  iviit.  ul  water.  The  sludge  was  estimated  by  allowing 
the  mixed  tank  contents  *to  settle  in  a  cylindrical  vessel  for  twenty- 
four  hours  and  observing  the  relation  between  the  thick  sediment  pro- 
duced and  the  clear  supernatant  liquid.  The  thickness  of  the  sludge 
(which  as  measured  by  this  method  includes  the  scum)  was  about 
4  inches  after  the  first  year  of  operation*  and  averaged  nearly  a  foot 
it  the  end  of  the  investigation. 
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TABLE  IX  —  AHAiYtKft  or  S**rtc  Tkh%  Cn*TK*T*,  laeLtrntitc  Sluugs 
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It  appears  (mm  Table  IX  that  the  differences  between  the  individual 
tanks  at  a  given  time  were  only  such  as  would  be  expected  from  sam- 
pling errors  with  a  thick  organic  suspension.  The  composition  of 
the  liquid  in  the  three  (or  five)  tanks  was  approximately  the  same  at 
a  given  time,  and  the  system  may  therefore  be  considered  as  a  whole. 

Comparing  the  1906  analyses  with  those  made  at  the  end  of  the 
twenty -one  months*  it  is  evident  that  the  amount  of  fixed  solids  in 
the  tank*  increased  considerably  during  the  course  of  the  experiments, 
tame  thing  is  true  of  oxygen  consumed,  and  in  each  case  the  in* 
is  more  than  pro|x>rtional  to  the  time  of  operation.  This  is 
perhaps*  partly  due  to  the  fact  that  during  the  first  year  the  system 
was  operated  with  a  seven-hour  period,  and  during  the  secimd  year 
with  a  twelve-hour  period.  Our  previous  investigations  have  shown 
that  Jong  storage  periods  are  associated  with  the  undue  accumulation 
of  sludge  (Winslow  and  Phelps,  190647),  and  similar  observations  have 
been  made  at  l^iwrcnce  (Massachusetts,  1901). 

Ovcr-fieptk  sewage  may  inhibit  the  action  of  the  liquefying  organ- 
*,  of  there  may  occur  a  secondary  precipitation  of  inorganic  reducing 
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bodies,  iron  compounds,  for  example.  Too  much  aging  seems,  at  any 
rate,  to  be  associated  with  an  increase  in  fixed  solids  and  in  oxygen 
consumed.  The  same  phenomenon  occurs  when  sludge  is  stored  in  a 
bottle  in  the  laboratory.  Table  X  shows  the  results  of  successive 
analyses  of  two  samples  of  septic  sludge  so  tested  in  July,  1906.  The 
mere  aging  of  the  septic  system  as  a  whole  might  tend  to  increase 
such  reactions  during  the  second  year.  At  London  and  at  Leeds  a 
gradual  deterioration  of  septic  effluents  was  noted  with  the  increasing 
&ge  of  the  tanks  (Winslow  and  Phelps,  19060). 


TABLE  X — Septic  Sludge  before  and  after  Storage 

(Parts  per  Million) 


Storage,  days. 

Fixed  solids. 

Volatile  solids. 

Oxygen  consumed. 
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The  effect  of  a  month's  rest  of  the  septic  fanks  is  shown  by 
a  comparison  of  the  analyses  for  July  and  August,  1907.  The  total 
amount  of  sludge  did  not  change  materially,  but  the  oxygen-consumed 
value  was  slightly  reduced  and  the  organic  nitrogen  dropped  more 
than  50  per  cent.  Suspended  solids  were  still,  however,  Very  high. 
It  is  evident  that  after  nearly  two  years  of  operation  our  septic  system 
was  approaching  the  limit  of  its  capacity.  With  a  foot  of  sludge  in 
the  bottom  of  the  tanks,  equal  to  35  per  cent,  of  the  tank  capacity, 
the  effluent  might  soon  have  been  expected  to  deteriorate.  It  is  prob- 
able, therefore,  that  septic  tanks  operating  with  Boston  sewage  would 
require  emptying  once  in  two  or  three  years. 

A  somewhat  clearer  idea  of  the  actual  work  of  the  septic  tanks  may 
be  gained  by  reducing  the  analytical  data  to  the  actual  quantities  they 
represent.  During  the  twenty-one  months  of  the  investigation  2,490,000 
gallons  of  sewage  passed  through  the  septic  system.  This  volume  of 
sewage  carried  2,790  pounds  of  suspended  solids  (of  which  1,880  pounds 
were  volatile)  and  188  pounds  of  organic  nitrogen.  The  effluent  leav- 
ing the  tanks  bore  1,670  pounds  of  suspended  solids  (of  which  1,300 
pounds  were  volatile)  and  1 34  pounds  of  organic  nitrogen.    The  septic 
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system,  therefore,  removed  1,120  pounds  of  solid  matter  (580  pounds 
volatile  and  540  pounds  Axed)  and  fifty-four  pounds  of  organic 


TABLE  XI  — Storage  Ait t>  Dkcukpositioh  or  Organic  Matter 
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There  were  left  stored  in  the  tanks,  after  twentyone  months 
operation  and  one  month  s  rest,  675  pounds  of  solids  (of  which  i( 
pounds  were  volatile)  and  eight  pounds  of  organic  nitrogen.  Yov 
hundred  and  seventy  one  pounds  of  volatile  solids  and  forty-six  pound 
oi  organic  nitrogen  had,  therefore,  been  decomposed  in  the  tanks 
the  fixed  solids  had  been  increased  by  twenty-six  pounds  —  add* 
evidence  of  the  precipitation  of  inorganic  solids  previously 
allurled  ta  These  results  are  shown  in  the  form  of  percentages  in 
Table  XI.  where  their  relations  may  be  somewhat  more  easily  grasped. 

On  the  whole,  it  appears  that  the  septic  tank  will  remove  nearly 
two-thirds  of  the  fixed  suspended  solids  from  Boston  sewage  an 
about  one-third  of  the  organic  matter,  as  measured  by  suspende 
volatile  solids  or  organic  nitrogen.  Of  the  organic  matter  in  il 
sludge  thus  removed  four-fifths  is  decomposed.  The  fixed  solids, 
the  other  hand,  accumulate  to  such  an  extent  as  to  require  the  cl 
tng  of  the  tanks  once  in  two  or  three  years,  A  seven -hour  perici 
gives  am  good  an  effluent  as  a  twelve-hour  one,  and  probably  produces 
a  less  accumulation  of  sludge.  All  these  results  harmonise  vc 
closely  with  those  obtained  in  the  previous  experiments  of  1903-05 
(Wtnttow  and  Phelps,  1906  a). 

The  average  bacterial  content  of  the  septic  effluent  for  the  eqj 
months*  October,  1906,  to  April,  1907,  was  750,000,  a  reduction 
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38  per  cent,  as  compared  with  the  crude  sewage.  The  proportion 
of  acid  formers  and  liquefiers  was  about  the  same  as  in  the  sewage, 
16  per  cent,  of  the  former  and  8  per  cent,  of  the  latter.  The  results 
of  the  bile  test  for  B.  coli  were  somewhat  erratic.  In  October  and 
November  the  number  of  gas  formers  was  apparently  increased  by 
passage  through  the  septic  tanks;  in  October  19  per  cent,  of  the  tests 
in  one-millionth  of  a  cubic  centimeter  were  positive  in  the  sewage  and 
56  per  cent,  were  positive  in  the  septic  effluent;  in  November  9  per 
cent,  of  the  tests  were  positive  in  the  sewage  and  38  per  cent,  in  the 
septic  effluent.  From  December  to  April  negative  results  were  con- 
sistently obtained  in  one-millionth  of  a  cubic  centimeter.  The  crude 
sewage  showed  19  per  cent,  of  positive  results  in  December,  1 1  per 
cent,  in  January,  12  per  cent,  in  February,  and  none  in  March  and 
April. 

VI.    Results  of  Trickling  Filtration 

The  general  construction  of  the  two  trickling  filters  has  been  already 
described  and  is  shown  in  Figures  1,  2,  and  3.  Both  were  8  feet  deep, 
and  the  surface  of  each  was  a  square,  approximately  10  feet  on  a  side. 
Both  were  filled  with  lyi  to  2  inch  broken  stone.  Filter  A  received 
crude  sewage  and  filter  B  septic  effluent. 

The  exact  area  of  filter  A  was  98.47  square  feet,  or  .00226  acre ; 
of  filter  B,  94.57  square  feet,  or  .00217  acre-  The  rate  on  each  bed 
during  operation  was  200  gallons  per  hour  for  twenty-two  hours  each 
day,  a  gross  rate  of  approximately  2,000,000  gallons  per  acre  per  day. 
During  the  summer  months  the  plant  was  shut  down  on  Sundays, 
while  in  winter  it  was  run  continuously  to  obviate  the  chilling  of  the 
bacteria  in  the  empty  bed.  In  September,  1906,  the  whole  plant  was 
shut  down  for  two  weeks.  Careful  records  of  operating  time  show  that 
the  filters  were  operated  for  12,450  hours  in  the  ninety-one  weeks  from 
October  1,  1905,  to  July  1,  1907.  This  means  an  average  operation 
of  137  hours  a  week,  or  5.7  days.  The  total  amount  of  sewage  applied 
to  each  bed  was  2,490,000  gallons  —  an  average  of-  3,900  gallons  a  day. 
The  net  rate  of  operation  was,  therefore,  1,730,000  gallons  per  acre 
per  day  for  filter  A,  and  1,800,000  gallons  per  acre  per  day  for  filter  B. 

Each  filter  was  at  first  equipped  (August  21,  1905)  with  four  gravity 
distributors  —  copper  disks,  3  inches  in  diameter,  with  a  6-inch  radius 
of  curvature.  Those  on  the  septic  side  corroded  badly,  and  on  Novem- 
ber 1  four  new  disks  were  substituted  on  each  side  to  test  the  durability 
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of  various  alloy*    Pure  aluminum  proved  as  bad  as  copper,  but  th 
alloys  —  bras*  bronze,  and  a  nickel  bronze  —  gave  no  indications 
corrosion.    No  trouble  was  experienced  in  any  case  on  the  crude  se 
filter. 

The  winter  of  1905-06  was  a  fairly  mild  one,  as  may  be  seen 
reference  to  Table  XII,  in  which  the  maximum  and  minimum  tem[te 
turcs  for  the  three  winter  months  are  tabulated  from  the  publishe 
data  o(  the  United  States  Weather  Bureau.  The  ** normal*'  December 
temperature  at  Boston  for  different  days  of  the  month  varies  between 
17°  and  35*  F.,  the  normal  January  temperature  between  24*  and 
j  1*  the  normal  February  temperature  between  230  and  31°  F. 
Ice  first  formed  on  the  filters  November  u,  1905,  and  by  January  10 
all  the  sprinklers  were  covered  with  mantle*?  of  ice  —  tubes  about  1  foot 
in  inside  diameter,  continuous  from  the  box  above  the  sprinkler  to  the 
surface  of  the  bed.  Inside  this  mantle  all  the  sewage  was  distributed, 
and  the  areas  between  the  four  i-foot  circles  were  covered  with  6  to 
inches  of  ice. 

In  August,  1906,  a  slight  pooling  of  sewage  was  observed  on  th 
beds,  particularly  on  filter  A.  On  digging  into  the  beds  it  appear? 
that  just  under  the  four  sprinklers  the  stones  were  clogged  wi 
black  sludge.  This  layer  was  turned  over  with  a  pick  to  about  a  ft 
m  depth  on  filter  A,  but  no  material  was  removed.  It  was  eviden 
however,  that  the  four  sprinkling  disks,  each  operating  at  a  rate 
.8  gallon  per  minute,  were  not  distributing  satisfactorily ;  and  thi 
experience  illustrates  the  importance  of  projjer  distribution  in  tricklin 
filters.  In  the  middle  of  November  changes  were  made  in  the  d1 
triboting  system  as  previously  described.  Filter  A  was  equipped  wi 
a  single  gravity  disk  just  like  the  four  previously  used,  and  filter 
was  equipped  with  a  pressure  nozzle  of  the  Columbus  type,  and  do 
intermittently  from  a  siphon  tank.  The  new  distributors  in  normal 
operation  arc  shown  in  Figures  13  and  14. 

After  this  change  no  difficulty  was  experienced  in  securing 
satisfactory  working  of  the  filters  at  all  times.  There  was  no  tendene 
to  surface  pooling;  analytical  results  were  good,  and,  as  will  be  ^ 
later,  there  was  no  important  accumulation  of  material  in  the  bed 
The  winter  of  1906-07  was  much  mure  severe  than  the  previous  on 
and  more  severe  than  the  average.  Minimum  temperatures  fell  hcki 
5*  F.  on  fifteen  different  days.  On  twelve  days  the  maximum 
pcrattxne  was  under  20*  F. ;  for  five  successive  days  in  January 
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for  fottr  successive  days  in  February  the  maximum  temperature  was 
under  15*  F.  (sec  Table  XII).  Yet  ice  and  snow  collected  only  at 
the  outer  edge  and  corners  of  the  filters,  leaving  the  main  part  of  their 
surface  clear.  The  condition  of  the  beds  at  their  worst  is  shown  in 
Figures  1  s  and  16.  The  Columbus  nozzle  kept  open  a  slightly  larger 
circle,  but  built  up  a  higher  wall  of  ice  at  the  periphery,  owing  to  its 
intermittent  action.  It  is  interesting  to  note  in  Figure  16  the  extra 
ke  formation  at  the  two  points  where  the  knife-edge  supports  of  th» 
spraying  nozzle  slightly  diminish  the  flow  of  sewage.  Both  methods 
of  distribution,  however,  worked  excellently  under  the  severe  wim 
conditions,  and  the  effluents  remained  well  up  to  standard. 

The  analyses  of  the  effluents  from  filters  A  and  B  are  tabulated  by 
quarters  in  Tables  XIII  and  XIV.  Regular  analyses  were  not  begun 
til)  October,  1905,  but  special  analyses  during  the  first  month  of 
operation  showed  that  the  beds  rapidly  attained  a  normal  activity. 
Three  parts  per  million  of  nitrates  were  found  after  a  week's  operation 
tn  the  effluent  of  filter  A  and  five  parts  in  the  effluent  of  filter  B, 
The  effluents  were  extremely  turbid  at  first,  and  after  a  month  still 
showed  more  oxygen  consumed  than  the  sewage.  By  the  middle  oi 
October,  after  six  weeks  of  oration,  turbidity  and  organic  matter 
and  the  beds  assumed  their  normal  operation. 
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TABLE  XIV  —  Composition  of  Effluent  from  Filter  B 

Quarterly  Averages 
(Pans  per  Million) 
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From  the  Tables  VII,  VIII,"  XIII,  and  XIV  and  from  Figures 
5  and  6  it  appears  that  the  total  amount  of  suspended  solids  discharged 
by  each  filter  was  slightly  in  excess  of  that  received  by  it.  An  average 
value  of  135  parts  per  million  in  the  crude  sewage  was  increased  to 
138  in  filter  A,  and  a  value  of  81  parts  in  the  septic  effluent  was 
increased  to  96  parts  in  filter  B.  A  very  interesting  seasonal  curve 
is  indicated,  however.  The  amount  of  solid  material  was  less  in  the 
effluent  than  in  the  applied  sewage  except  in  the  second  quarter  of 
the  year.  In  some  quarters,  filter  A  effected  a  40  per  cent,  reduction 
in  suspended  solids.  In  the  second  quarter  of  each  year,  there  was  an 
enormous  increase  of  suspended  solids  in  the  effluent  to  a  point  in 
excess  of  the  amount  in  the  applied  sewage.  This  means,  of  course, 
that  the  suspended  solids  of  the  sewage  are  ordinarily  held  on  the 
bacterial  films  which  cover  the  stones,  while  during  the  second  quarter 
the  accumulated  material  is  washed  out  again  into  the  effluent.  We 
suspected  at  first  that  spring  rains  might  account  for  this  phenomenon, 
but  a  more  careful  study  showed  that  the  increase  of  solids  in  the 
effluent  did  not  correspond  to  heavy  rainfall,  and  it  appeared  from 
calculation  that  this  factor  could  not  be  of  great  importance.  Two 
inches  of  rain  falling  in  an  hour  would  double  the  rate  on  a  2,000,000 
gallon  per  acre  filter,  but  such  a  storm  rarely  occurs  in  the  latitude 
of  Boston.     Monthly  values  for  suspended  solids  and  temperature, 
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which  have  been  tabulated  in  Table  XV,  show,  on  the  other  hand, 
a  suggestive  correlation. 

TABLE  XV  — Suspended  Solids  and  Temperature  of  Trickling  Effluents 
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The  figures  in  Table  XV  are  tabulated  in  graphic  form  in  Fig- 
ure 12.  Both  filter  effluents  show  a  progressive  decrease  of  solid 
material  from  May  onward  till  the  early  spring,  when  a  sudden 
increase  occurs.  The  trickling  filter  evidently  has  its  own  definite 
>  early  life  cycle,  and  upon  this,  rather  than  upon  the  applied  solids, 
do  the  solids  in  the  effluent  depend.  It  seems  probable  that  the 
bacterial  films  upon  the  stones  absorb  or  otherwise  hold  the  solid 
material  which  reaches  them  until  by  this  process  of  accretion  and 
their  own  multiplication  the  mass  becomes  heavy  enough  to  break  away 
With  Boston  sewage  a  year's  supply  of  solids  can  thus  be  stored ;  but 
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the  bacterial  multiplication  set  up,  when  warm  weather  begins,  serves 
to  upset  the  equilibrium  of  the  bed,  and  the  solids  collected  during  the 
preceding  ten  months  are  discharged.  It  will  be  noted,  however,  by 
reference  to  Figure  12,  that  solids  began  to  increase  in  A  effluent 
before  the  onset  of  warm  weather.  In  each  year  its  rise  preceded  that 
of  B  by  two  months.  This  bed  received  a  considerably  larger  amount 
of  suspended  solids  than  filter  B,  and  it  seems  probable  that  the  mere 
accumulation  of  material  began  to  cause  the  detachment  of  zoogloea 
before  the  spring  increase  in  growth  occurred.  There  is  at  any  rate 
abundant  evidence  here  that  the  trickling  bed  automatically  frees  itself 
from  suspended  solids  after  accumulation  has  taken  place  to  a  certain 
extent.  This  phenomenon  will  militate  strongly  against  permanent 
clogging  of  the  trickling  bed. 

In  this  connection  the  nature  of  the  suspended  matter  is  also  of 
significance.  In  filter  A  the  volatile  suspended  solids  were  reduced, 
on  the  average,  from  91  parts  to  80  parts,  while  fixed  suspended  solids 
were  increased  from  44  parts  to  58 ;  in'  filter  B  volatile  suspended 
solids  fell  from  63  parts  to  59,  while  fixed  suspended  solids  rose  from 
18  parts  to  37.  The  larger  increase  of  fixed  suspended  solids  in  the 
septic  side  is  probably  due  in  part  to  the  precipitation  of  iron  sulphide, 
a  deposit  of  which  was  later  found  on  the  bottom  of  the  bed.  In 
filter  A,  however,  there  is  no  evidence  of  such  a  reaction,  and  the 
figures  seem  to  indicate  a  real  conversion  of  organic  matter  into  some 
insoluble  mineral  form.  It  is  apparent  to  the  eye  that  the  suspended 
matter  in  the  effluent  of  a  trickling  filter  is  quite  different  from  that 
which  goes  on  at  the  top.  It  is  in  much  larger  particles,  as  may  be 
seen  by  the  eye,  and  it  settles  much  more  easily.  It  is  for  this  reason 
that  the  turbidity  of  both  effluents  was  considerably  reduced  (200  for 
filter  A  against  279  in  the  sewage,  and  147  for  filtei  B  against  213  in 
the  septic  effluent).  Microscopic  examination  by  the  Sedgwick-Rafter 
method  (Whipple,  1905),  carried  out  under  our  direction  by  Mr.  H.  S. 
Spaulding,  showed  that  the  finely  divided  particles  of  suspended  matter, 
of  a  size  less  than  five  standard  units,  were  reduced  from  300,000 
per  cubic  centimeter  in  crude  sewage  to  28,000  in  trickling  effluent, 
while  the  larger  particles,  and  particularly  the  macroscopic  particles, 
were  increased  in  numbers.  In  appearance  the  material  in  the  trickling 
effluent  is  structureless  and  somewhat  flocculent,  resembling  the  amor- 
phous matter  so  frequently  found  in  water  analysis.  In  its  formation 
the  original  suspended  matter  applied  to  the  filter  has  evidently  been 
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thoroughly  worked  over.  It  is  somewhat  surprising,  in  view  of  these 
facts*  that  the  sum  of  the  suspended  matter  applied  and  discharged 
should  tally  so  nearly. 

In  organic  content  both  effluents  show  a  marked  reduction.  The 
purification  per  cent.t  as  measured  for  each  of  the  principal  constituent s? 
ts  shown  tn  Table  XVI.  The  results  arc  remarkably  close,  with  the 
exception  of  the  total  11  oxygen-consumed  n  value  for  the  septic  side, 
which  exception  may  be  accounted  for  by  the  precipitation  of  iron 
compounds  already  alluded  to.  In  all  other  cases  there  was  a  reduction 
of  about  2$  per  cent,  in  total  organic  matter  and  40  per  cent,  in 
organic  matter  in  solution* 
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Figure*  7  to  1 1  show  that  in  general  the  organic  matter  in  the 
effluent  docs  not  exhibit  any  marked  seasonal  variations.  There  is  one 
striking  exception,  however,  to  this  rule.  From  Figure  1 1  it  appears 
that  the  total  ** oxygen-consumed  M  value  rose  inordinately  in  the  second 
quarter  of  each  year.  This  is  evidently  correlated  with  the  increased 
discharge  of  suspended  solids  at  the  same  time,  and  it  is  clear,  since  no 
corresponding  increase  in  nitrogen  occurred,  that  the  organic  matter 
which  then  appeared  in  the  effluent  was  chiefly  carbonaceous.  This 
fact  strengthens  the  possibility  that  the  material  discharged  from  the 
trickling  bed  is  largely  bacterial  zodgltea. 

Two  other  points  only  demand  special  mention,  the  dissolved  oxy- 
gen in  the  effluents  and  their  content  of  mineral  nitnigen.  Dissolved 
oxygen  was  at  all  times  present  in  both  effluents  in  considerable 
amounts.  It  was  highest  in  the  first  quarter  of  each  year,  when 
bacterial  decompositions  were  checked  by  the  cold,  and  it  was  dis- 
tinctly higher  during  the  second  year  than  the  first,  owing  to  the 
better  system  of  distribution.  The  values  for  nitrites  and  nitrates  are 
plotted  in  Figure  17.  Nitrites  were  at  a  maximum  in  both  effluents  in 
the  autumn  of  1906;  since  the  1907  curve  stops  at  July  1  it  is  uncer- 
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tain  whether  the  same  phenomena  would  have  been  repeated  in  that 
year.  It  is  apparent,  however,  that  the  process  of  nitrite  formation  is 
markedly  favored  by  high  temperatures.  The  curve  for  nitrates,  on 
the  other  hand,  shows  a  pretty  steady  increase  from  the  beginning  to 
the  end  of  the  experiments,  and  indicates  a  progressive  improvement 
in  nitrifying  power.  Taking  the  sum  of  the  organic  and  ammoniacal 
nitrogen  in  applied  liquid  and  effluent,  in  comparison  with  the  sum  of 
the  nitrates  and  nitrites,  it  appears  that  filter  A  received  23  parts 
of  unoxidized  nitrogen  (organic  and  ammoniacal)  and  discharged  17.5 
parts  of  unoxidized  and  5.5  parts  of  oxidized  nitrogen,  nitrates,  and 
nitrites.  Filter  B  received  24  parts  of  unoxidized  nitrogen  and  dis- 
charged 17.6  parts  of  unoxidized  and  5.9  parts  of  oxidized  nitrogen. 
There  is,  therefore,  no  evidence  of  appreciable  storage  or  loss  of  nitro- 
gen in  filter  A,  and  filter  B  shows  a  difference  of  only  half  a  part. 
Table  XVI  shows  that  the  per  cent,  purification  effected  by  filters  A 
and  B  was  approximately  equal  as  regards  organic  matter.  Since  the 
liquid  applied  to  filter  B  had  undergone  preliminary  treatment  in  the 
septic  tank  its  effluent  was,  of  course,  actually  superior  to  that  of 
filter  A.  It  contained  only  96  parts  of  suspended  solids  against 
138  parts  for  filter  A,  5  parts  of  organic  nitrogen  against  7.1  parts, 
and  34  parts  of  oxygen  consumed  against  41  parts.  Its  free  ammonia 
content  was,  however,  higher,  making  the  sum  of  the  ammonia  and 
organic  nitrogen  practically  the  same  in  both  cases  (176  and  17.5). 
The  only  significant  difference  between  the  effluents  lay,  therefore, 
in  the  fact  that  filter  A  discharged  more  suspended  solids,  both  fixed 
and  volatile,  than  filter  B. 

These  results  of  chemical  analysis  are  of  considerable  theoretical 
interest  as  throwing  light  on  the  processes  which  go  on  in  the  trickling 
bed ;  but,  as  we  have  pointed  out  already,  they  do  not  adequately 
measure  the  practical  value  of  the  purification  effected.  Neither  the 
analyses  of  the  effluents  nor  the  figures  for  purification  per  cent, 
would  by  themselves  suggest  that  our  beds  were  doing  satisfactory 
work.  The  methylene  blue  test,  on  the  other  hand,  showed  that  the 
effluents  of  both  filters  were  for  the  most  part  stable,  and  it  is  this  test 
which  furnishes  the  true  criterion  of  their  quality. 

The  methylene  blue  test  was  made  on  each  effluent  daily  from 
February,  1906,  to  the  end  of  the  experiments,  and  the  results  are 
plotted  in  Figures  18-^  and  1 8-7?.  The  black  blocks  indicate  the 
periods  of  decolonization  by  days  up  to  fourteen  days,  the  maximum 
time  of  observation. 
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During  the  cold  months  of  February  and  March,  1906,  results 
were  notably  irregular  for  both  effluents.  The  sample  collected  on 
one  day  might  prove  stable,  while  that  of  the  next  would  decolorize 
in  two  or  three  days. 

With  the  beginning  of  warm  weather,  which  favors  harmful  putrc- 
(active  changes,  both  before  and  during  the  process  of  filtration,  both 
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effluents  further  deteriorated.  Filter  B  recovered  about  the  end  of  May, 
and  throughout  the  summer  its  effluent  was  generally  stable.  Filter  A 
remained  in  poor  condition  until  September,  and  was  uncertain  in  its 
action  for  two  months  longer.  The  contrast  between  these  beds 
brings  out  very  clearly  the  gTcat  delicacy  of  the  methylene  blue 
method  of  testing  effluents.  The  analyse**  for  the  third  quarter  of 
1906  in  Tables  XIII  ,and  XIV  show,  indeed,  a  slight  superiority  for 
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filter  B,  but  it  is  far  too  slight  to  lead  to  the  conclusion  that  at  this 
time  one  of  the  filters  was  practically  a  success  and  the  other  practically 
a  failure. 

With  the  installation  of  the  new  sprinklers  in  November,  1906, 
a  decided  change  was  manifest.  After  the  middle  of  December,  by 
which  time  the  filter  organism  had  become  adjusted  to  its  new  condi- 
tions, both  effluents  were  almost  constantly  stable.  Occasionally, 
particularly  during  the  winter  months,  and  with  filter  A,  a  putrescible 
effluent  was  obtained,  but  this  was  rare.  From  December  15,  1906, 
to  June  28,  1907,  156  samples  of  each  effluent  were  examined  by  the 
methylene  blue  test.  On  the  crude  sewage  side  127  samples  were 
stable  for  fourteen  days,  nineteen  more  were  stable  for  over  four  days, 
and  ten  only  became  decolorized  in  four  days  or  less  at  200.  The 
effluent  of  filter  B  showed  129  samples  stable  for  fourteen  days,  sixteen 
more  stable  for  more  than  four  days,  and  eleven  which  were  decolor- 
ized in  four  days  or  less.  In  other  words,  on  93  per  cent,  of  the  days 
both  effluents  were  of  sufficiently  good  quality  to  retain  free  oxygen 
for  over  four  days. 

Three  conditions  appear  mainly  responsible  for  imperfect  operation 
when  it  did  occur.  In  the  first  place,  excessively  low  temperatures 
evidently  impair  the  activity  of  the  purifying  organisms.  The  break 
in  the  curve  for  both  filters  on  February  28,  1906  (see  Fig.  18-^),  was 
coincident  with  a  fall  from  190  to  90  F.  The  bad  results  obtained 
during  the  first  week  of  December,  1906,  accompanied  minimum  temper- 
atures of  40  to  90  F.  (Fig.  1 8-7?).  After  the  new  distributing  apparatus 
was  in  good  working  order,  however,  this  effect  of  cold  weather  was 
only  slight.  Thus  the  severe  weather  of  January  16  to  18,  January  23 
to  25,  February  1 1  to  13,  and  February  22  to  24,  1907  (see  Table  XII), 
shows  only  slight  effects  in  Figure  i8-/>\ 

The  second  factor  affecting  the  stability  of  the  effluents  was  the 
spring  discharge  of  suspended  solids.  This  phenomenon  in  April,  1906, 
evidently  caused  the  bad  break  in  the  quality  of  the  effluents  manifest 
at  that  time  and  indicated  in  Figure  i8-.-J.  The  interesting  point  in 
this  connection  is,  however,  that  the  much  larger  amount  of  suspended 
solids  washed  out  in  the  second  quarter  of  1907  (see  Fig.  5)  produced 
no  corresponding  increase  in  putrescibility ;  that  is,  with  proper  dis- 
tribution the  solids  discharged  are  so  well  oxidized  or  otherwise  ren- 
dered stable  that  they  do  not  interfere  with  the  stability  of  the  effluent. 

The  third    factor  which    affects    the    character  of   the  effluent 
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y  b  irregularity  in  the  operation  of  the  Alter  In  Figure  iS-A 
the  sample  taken  after  a  day's  rest  (the  Monday  sample)  appears 
again  ami  again  the  worst  of  the  week,  and  during  the  second  year 
the  only  serious  interference  with  the  work  of  filter  B  followed  the 
three  days'  rest  of  May  18  to  21.  This  action  was  always  most 
marked  in  cold  weather.  Whether  it  is  due  to  the  injury  of  the 
bacteria  in  the  filter  by  changed  conditions  or  to  the  detachment  of 
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dried  soogiara  ts  uncertain.  It  is  clear,  however,  that  resting  the 
filter  is  detrimental  to  the  effluent,  and  the  results  for  the  second 
quarter  ol  1907  show  that  the  necessary  removal  of  accumulated 
material  can  be  accomplished  in  a  natural  way  without  such  unfortu- 
nate results  We  are  therefore  led  to  conclude  that  extended  periods 
of  rest  for  the  recuperation  of  the  bed  and  drying  up  of  the  accumu- 
lated organic  material  are  not  only  unnecessary,  but  actually  detri- 
mental, and  that  the  operation  of  a  trickling  filter  should  be  made 
as  constant  and  uniform  as  {>os*ib1e. 
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TABLE  XVII  —  Stability  of  Trickling  Filter  Effluents 

Percentage  of  Samples  Decolorized  at  Each  Specified  Period 
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The  results  of  the  methylene  blue  test  for  each  quarter  are  indicated 
in  Table  XVII,  samples  being  divided  by  their  decolorization  periods 
into  eight  classes,  those  which  decolorized  inside  of  two  days,  between 
two  and  four  days,  between  four  and  six  days,  etc.,  the  last  class 
including  those  which  were  still  stable  after  fourteen  days.  The  fourth 
quarter  of  1906  is  divided  so  as  to  differentiate  the  samples  collected 
before  and  after  the  change  in  the  distribution  system. 

The  table  shows  in  each  case  poor  results  with  the  old  system 
of  distributors.  Filter  B  treating  septic  effluent  was  much  better  than 
filter  A,  however,  and  showed  a  steady  improvement  during  this  period. 
When  the  Columbus  sprinkler  was  installed  on  filter  B  a  serious  tem- 
porary derangement  followed;  but  by  January,  1907,  the  filter  had 
become  adjusted  to  the  new  conditions,  and  for  the  last  six  months 
yielded  effluents,  93  per  cent,  of  which  were  stable  for  four  days  and 
over  80  per  cent,  stable  for  fourteen  days.    The  substitution  of  a  single 


improvement  Ninety-three  per  cent  of  the  samples  of  A  effluent  have 
beets  stable  for  four  days  since  January,  1907,  and  the  percentage 
stable  for  fourteen  days  rose  from  nearly  70  per  cent,  in  the  first 
quarter  of  the  year  to  85  per  cent,  in  the  second. 

liacterial  examinations  showed  an  average  of  200,000  bacteria  per 
cubic  centimeter  in  the  effluent  of  filter  A  and  180,000  in  the 
effluent  of  filter  B.  The  figures  correspond  to  removals  of  83  per 
cent,  and  76  per  cent  ,  respectively,  figured  on  the  applied  liquid* 
The  proportion  of  acid  formers  and  liquefiers  was  about  the  same  as  in 
the  crude  sewage. 

At  the  close  of  the  twenty-one  months  of  experimentation  the 
trickling  filters  were  dug  out  and  carefully  examined.  Samples  of 
the  filtering  material  were  taken  at  various  points;  the  accumulation 
between  the  stones  was  carefully  removed  by  washing  with  a  brush 
and  the  resulting  liquor  analyzed*  In  both  filters  the  top  of  the  beds 
was  quite  clean.  In  filter  A  there  was  an  accumulation  of  fine  material 
extending  from  3  inches  down  for  about  a  foot  just  under  the  four  oU 
distributors.  This  deposit  covered  four  circles,  each  about  a  foot  and 
a  half  in  diameter,  and  was,  of  course,  chargeable  to  the  earlier  imper- 
fect process  of  distribution.  In  this  layer,  where  the  maximum  deposit 
occurred,  the  extraneous  matter  amounted  to  .3  pound  |*rr  cubic  foot, 
at  which  44  per  cent,  was  organic.  The  remainder  of  filter  A  showed 
00  visible  accumulation  of  foreign  material,  and  the  underd  rains  and 
concrete  floor  of  the  bed  were  as  clean  as  when  they  were  laid. 
In  filter  B  there  was  a  slight  deposit  from  6  inches  to  18  inches  below 
die  surface,  amounting  to  ,07  pound,  per  cubic  foot,  while  the  remainder 
of  the  bed  was  clean.  On  the  floor  of  B,  however,  there  was  a  deposit 
of  sludge  half  an  inch  thick,  amounting  to  4  cubic  feet  in  all  (1,720 
cubic  feet,  or  64  cubic  yards,  per  acre).  This  sludge  contained  22  per 
cent,  of  water  and  1.4  per  cent,  volatile  solids.  Qualitative  tests 
showed  it  to  consist  of  a  mixture  of  finely  divided  silica  with  a 
conskSefuble  proportion  of  sulphide  of  iron. 

From  the  stone  analyses  at'  various  depths  we  have  calculated  in 
Table  XVIII  the  total  amounts  of  material  stored  in  each  filter  and  the 
corresponding  values  per  million  gallons.  The  excess  of  nitrogen  on 
the  septic  aide  is  suggestive. 
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TABLE  XVIII  —  Storage  op  Material  in  Trickling  Filters 
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In  addition  to  these  deposits  in  the  beds  the  sludge  on  the  bottom 
of  filter  B  amounted  to  697  pounds,  or  280  pounds  of  dry  solids,  per 
million  gallons.  Such  material  could  easily  be  removed  by  washing 
with  a  hose  in  a  filter  with  a  properly  constructed  underdrainage 
system. 

VII.    Sedimentation  of  Trickling  Effluents 

The  effluents  from  the  trickling  filter,  although  stable,  contain  so 
much  suspended  matter  as  to  be  unsightly,  and  under  many  circum- 
stances further  treatment  for  the  removal  of  suspended  solids  would 
be  desirable.  As  shown  at  many  of  the  English  plants  and  at  Colum- 
bus (Johnson,  1905),  such  a  removal  may  be  accomplished  by  simple 
sedimentation,  since  the  suspended  particles  in  the  effluent  are  suffi- 
ciently large  to  settle  out  with  ease.  Since  January,  1906,  the 
effluents  from  filters  A  and  B  have  been  treated  in  this  manner. 
The  tanks  used  for  sedimentation  have  been  described  above,  and 
their  general  construction  is  indicated  in  Figures  1  and  2.  One  of 
the  tanks,  photographed  before  it  was  put  into  place,  is  shown  in 
Figure  19. 

The  tanks  were  of  conical  form,  with  a  central  vertical  funnel  which 
received  the  inflowing  liquid  at  the  top  and  discharged  it  into  the  body 
of  the  tank'  near  its  bottom.  The  supernatant  liquid  was  carried  off 
from  the  top  by  two  surface  channels,  and  sludge  was  drawn  off  by 
a  valve  at  the  bottom.  The  capacity  of  each  tank  was  a  little  under 
350  gallons,  equivalent  to  a  sedimentation  of  an  hour  and  three- 
quarters.  Experiments  made  by  Mr.  R.  R.  Patch  in  a  thesis  study 
showed  that  liquid  dyes  colored  the  whole  surface  of  the  tank  in 
seven  and  a  half  minutes.  On  the  other  hand,  when  a  culture  of 
B.  prodigiosus  was  poured  into  the  central  tube,  plates  made  every  five 
minutes  from  the  outflowing  liquid  first  showed  the  germ  after  one 
hour  and  gave  maximum  numbers  after  an  hour  and  a  half. 
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The  character  of  the  effluent  from  the  sedimentation  tanks  is 
indicated  by  the  quarterly  average  analyses  in  Tables  XIX  and  XX. 
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TABLE  XX  — Composition  or  Filth  B  Effluent  aftee  Segmentation 

Quart  rrty  Avenges 
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A  comparison  of  the  general  averages  in  Tables  XIX  and  XX 
with  the  average  for  the  unsettled  effluents  in  Tables  XIII  and 
XIV  indicates  the  efficiency  of  the  sedimentation  process*  and  this 
efficiency  has  been  expressed  in  purification  per  cent  in  Table  XXI. 
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Sedimentation  for  two  hours  in  the  conical  tanks  used  in  these 
exj^irnettU  removed  about  half  the  suspended  solids  present.  The 
removal  <A  susj>erKJed  nitrogen  and  carbonaceous  matter  (oxygen  con- 
sumed; wa*  in  each  case  greater  than  the  removal  of  suspended 
matter  in  general.  Coupled  with  the  increase  in  soluble  nitrogen  and 
carboiiaoeou*  matter,  this  makes  it  clear  that  a  certain  amount  of 
liquefying  action  went  on  at  the  bottom  of  the  tanks.  Nitrites  and 
nitrate*  were  unaffected,  however,  as  may  be  seen  by  reference  to 
Figure  17.  It  will  be  noticed  that  the  per  cent,  purification  effected 
was  a) way*  Jess  in  the  case  of  the  septic  effluent.  This  is,  no  doubt, 
because  the  liquid  before  treatment  contained  less  gross  material  to 
remove  The  finer  portions  of  suspended  matter  naturally  settle  out 
|e*>s  readily. 

No  important  seasonal  variations  were  noted  in  the  action  of  the 
sedimentation  tanks,  ex<ept  in  the  case  of  the  organic  nitrogen.  This 
constituent,  as  plotted  in  Figure  7,  was  less  reduced  in  the  autumn 
months  than  at  any  other  time,  while  at  this  period  (the  third  quarter 
ol  the  v>lublc  organic  nitrogen  was  largely  increased.  Its 

value  rose  from  3.6  to  4.2  in  the  case  of  A,  and  from  3.4  to  4  in  the 
<as>e  of  H  effluent.  This  was,  of  course,  due  to  the  increased  septic 
action  going  on  in  the  tanks  during  the  warm  season.  Bacterial 
rehults  also  indicated  the  existence  of  organic  activity  in  the  sedi- 
mentation tanks.  The  average  number  of  bacteria  in  the  settled 
effluent  ol  filter  B  lor  the  seven  months  —  October,  1906,  to  April, 
1^07  was  260,000  an  increase  of  44  per  cent,  on  the  effluent 
eiiteiiug  the  sedimentation  tank. 

The  best  measure  ol  the  efficiency  of  sedimentation  is  the  methylene 
blue  test,  and  the  decolori/ation  |>eriods  for  the  settled  effluents  are 
indicated  by  the  unshaded  blocks  in  Figures  iS-A  and  i8-/>.  At  times 
dining  the  winter  and  spring  of  1 906  even  the  settled  effluent  was  putres- 
tible.    In  general,  however,  most  of  the  effluents  which  putrefied  in  their 


Purification  of  Boston  Srwag* 


437 


ttfeinaj  state  were  rendered  stable  when  their  solids  were  reduced  by 
ttrftmentatkm.  The  months  of  July  and  August,  1906,  furnish  a  good 
instance  of  this.  During  the  whole  jieriod  forty-nine  samples  were 
cammed.  Of  the  unsettled  effluents  forty-five  from  filter  A  and 
twenty  from  filter  B  became  decolorized  inside  of  fourteen  days,  but  of 
the  corresponding  scdimcnted  samples  only  ten  from  filter  A  and  nine 
frura  filter  B  became  decolorized.  After  the  new  distribution  system 
was  in  working  order  twenty-nine  samples  from  A  and  twenty-seven 
simples  from  B  decolorized  in  less  than  fourteen  days.  Of  the  cor- 
responding settled  samples  thirteen  from  filter  A  and  seventeen  from 
filer  B  became  decolorized, 

It  must  be  remembered  in  interpreting  these  results  that  our  tanks 
wete  not  of  the  best  form  for  securing  efficient  sedimentation.  Their 
dupe  was  conditioned  by  the  head  room  at  our  disposal,  and  a  deeper 
tank,  more  of  the  usual  Dortmund  shape,  would  give  better  results. 
Furthermore,  the  pipe  for  removing  sludge  from  our  tanks  was  so 
small  that  sludge  could  not  be  drawn  off  rapidly,  and  considerable 
stirring  up  of  the  contents  of  the  tank  was  the  result.  With  tanks  of 
proper  design,  planned  for  a  full  two-hour  flow  and  with  proper 
arrangements  for  sludge  removal,  results  would  undoubtedly  be  better. 

Against  the  advantages  to  be  gained  by  the  sedimentation  of  the 
tinkling  effluent  must  be  set  the  new  problem  of  sludge  disposal 
which  is  introduced.  Since  September,  1906,  this  problem  has  been 
studied  by  careful  measurement  and  analysis  of  the  materia)  removed 
from  the  sedimentation  tanks,  and  the  general  results  are  brought 
together  hi  Table  XXII.  The  analyses  are  grouped  by  four  periods, 
m  which  the  method  of  removing  sludge  from  the  tanks  differed  as 
follows:  From  September  to  December  3,  1906,  and  from  April  9  to 
June  2%  1907,  twenty*fivc  gallons  of  sludge  and  water  were  drawn 
from  each  tank  every  other  day  by  the  valve  for  removing  sludge 
shown  in  Figure  2.  The  three  samples  for  each  week  were  chloro- 
formed, mixed,  and  analyzed.  Reference  to  Table  XXII  shows  that 
by  this  method  the  liquid  removed  from  the  tank  was  considerable  in 
amount  and  contained  only  10  to  20  per  cent,  of  true  sludge.  If 
ftkidgc  Is  removed  as  often  as  this  it  cannot  be  obtained  in  very  com* 
pact  form  in  tanks  of  such  a  construction  as  ours.  Fn»m  Decem- 
ber 4,  1906,  to  January  14,  1907,  sludge  was  removed  once  a  week* 
Ike  tanks  being  drawn  down  to  a  point  z  feet  from  the  bottom.  In 
tkm  way  a  more  concentrated  liquid  was  obtained.    During  the  third 
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riod  (January  14  to  April  8,  1907)  no  samples  were 
idge  was- allowed  to  accumulate,  which  produced  no  harmful^ 
the  cold  weather ;  and  at  the  end  of  the  period  the  tank 
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Crude  and  Settled  Effluents 


wn  to  a  depth  of  1  foot  9  inches,  and  the  remaining  liquid  rem< 
d  analyzed. 

The  cubic  yards  of  wet  sludge  removed  in  each  period  varied 
effluent  from  .40  to  1.29  and  for  B  effluent  from  .18  to  .73.  Per 
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2kw>  £<Z<xihf  tihe  cubic  yards  of  s3udge  removed  mere,  for  the  four  socces- 
yxvAt,  2.3,  2.7, 3-2,  and  5-7  for  fiHier  A,  and  1 .5,  1  jj,  2.6,  and  2.9  for 
filter  H  Tbe  racreafted  values  in  the  last  two  periods  are  due  to  the  in- 
creased «^s$xrnded  ko&!s  in  the  effluents  from  the  trickling  beds  during 
the  spiribg  rains.  Taking  the  whole  period  from  September  to  June, 
there  were  removed  from  the  sedimentation  tanks,  per  million  gallons  of 
sewage  passed,  on  the  crude  sewage  side,  3.40  cubic  yards  of  sludge, 
with  237  pounds  of  volatile  solids,  281  pounds  of  fixed  solids,  11.2  of 
organic  nitrogen,  and  20.8  of  organic  carbon.  On  the  septic  side,  per 
mShon  gallons  of  sewage  passed,  there  were  2.14  cubic  yards  of  sludge, 
containing  136  pounds  of  volatile  solids,  126  pounds  of  fixed  solids, 
7,5  pounds  of  organic  nitrogen,  and  1 1  pounds  of  organic  carbon. 

The  volume  of  this  sludge  is  evidently  considerable.  In  composition 
it  is  naturally  not  so  putrescible  as  its  analysis  would  indicate,  since  it 
consists  largely  of  the  humus-like  compounds  formed  in  the  trickling 
bed.  Nevertheless,  in  concentrated  form  it  is  not  generally  stable, 
as  shown  by  the  fermentations  already  alluded  to  as  going  on  in  the 
sedimentation  tanks.  Mixed  with  the  rest  of  the  effluent  these  solids 
do  not  putrefy,  as  shown  by  the  methylene  blue  tests  of  the  unsettled 
effluent,  and  by  the  fact  that  nitrites  and  nitrates  showed  no  diminution 
in  the  sedimentation  tanks.  By  itself,  however,  the  sludge  will  gen- 
erally putrefy,  and  if  it  is  removed  by  sedimentation  some  means  must 
be  found  for  its  disj>osaL  We  attempted  to  purify  it  by  straining 
through  coke  without  success.  Coarse  coke  allowed  it  to  pass  freely 
and  fine  coke  (  logged  too  rapidly  to  be  of  practical  use.  It  will  prob- 
ably be  found  best  under  actual  working  conditions  to  discharge  the 
tank  contents  on  to  sludge  beds  and  dig  the  resulting  deposit  into 
the  land.  From  the  inconsiderable  putrescibility  of  the  sludge,  this 
method  of  disposal  could  be  accomplished  with  ease.  It  will,  however, 
be  a  local  question  in  each  individual  case  whether  the  improvement 
effected  in  the  trickling  effluent  by  sedimentation  compensates  for  the 
increased  cost  of  settling  and  of  sludge  disposal. 


VIII.    Disinfection  of  Trickling  Effluents 

The  trickling  filter  furnishes  the  best  mechanism  now  available  for 
accomplishing  the  primary  object  of  sewage  purification  —  the  oxidation, 
or  otherwise  rendering  stable,  of  organic  matter.  Often  this  is  enough; 
but  where  shellfish  industries  or  water  supplies  are  menaced  the  bac- 
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be  taken  into  account  For  bacterial  removal  the  rapid 
of  sewage  treatment  are  entirely  inadequate.  Comparing  the 
of  filter  B  with  the  crude  sewage,  it  is  apparent  that  septic 
tank  and  trickling  bed  combined  reduced  the  total  number  of  bacteria 
from  f  ,200,000  to  180,000 — a  diminution  of  85  per  cent.  Tests  for 
A  €*H  during  the  summer  of  1906  gave  the  results  indicated  in 
Table  XXIII.  the  figures  representing  the  average  of  thirty-five 
determinations. 
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Evidently  during  the  warm  weather  there  was  a  multiplication  of 
bacteria  in  the  septic  tank,  and  the  removal  of  total  bacteria  and 
of  gavforming  organisms  by  the  whole  process  was  under  50  per  cent. 

These  results  are  as  good  as  can  be  expected  from  filters  of  coarse 
material,  but  tbey  do  not  represent  satisfactory  bacterial  purification. 
For  1Kb  reason  the  Baltimore  experts  (Baltimore,  1906)  suggested 
secondary  filtration  through  sand  for  the  effluents  from  their  pro- 
jected trkkltng  filters,  in  order  to  avoid  possible  danger  to  the  shell* 
fish  industry  of  Chesapeake  Bay,  The  Board  of  Advisory  Engineers 
estimated  the  cost  of  works  for  the  complete  treatment  of  75,000,000 
gallons  of  sewage  per  day  at  $3,283,250,  of  which  sum  *  1,040*750, 
or  over  31  per  cent,  was  for  the  supplementary  treatment  on  sand 
fitter*.  The  annual  cost  of  operation  was  estimated  at  5  m  5,500,  of 
which  $55,000*  or  48  per  cent.,  was  for  the  supplementary  treatment 
< Baltimore,  1906)*  This  gives  some  idea  of  the  price  which  it  is 
necessary  to  pay  for  effluents  of  bacterial  purity  over  and  above  the 
oast  of  rendering  the  sewage  stable  and  non-putrefactive. 

Fortunately  a  far  cheaper  and  equally  efficient  method  of  removing 
bacteria  Is  now  at  hand.  The  application  of  chemicals  as  a  method 
of  sewage  purification  —  that  is,  as  a  method  for  the  removal  of 
organic  materia)  —  has  not  proved  successful  except  in  rare  instances, 
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with  sewage  of  peculiar  composition.  When  organic  stability  has  been 
attained,  however,  and  bacterial  removal  only  is  desired,  the  problem 
becomes  a  wholly  different  one.  Disinfection  of  sewage  and  effluents 
has  been  studied  by  various  English  observers,  most  exhaustively  by 
Rideal  (1905).  The  latter  observer,  in  an  extensive  series  of  experi- 
ments at  Guildford,  studied  the  action  upon  raw  and  septic  sewage, 
and  upon  the  effluents  from  contact  beds,  of  hypochlorites  produced 
electrolytically  from  sea  water  by  the  oxychloride  process.  Great 
reductions  in  bacteria  were  obtained  with  30  to  70  parts  per  million 
of  available  chlorine  for  the  crude  sewage,  25  to  44  parts  for  septic 
sewage,  and  .5  to  20  parts  for  contact  effluents  of  varying  grades  of 
purity.  The  removal  of  B.  colt  was  all  that  could  be  desired.  Exam- 
inations of  the  few  organisms  remaining  in  the  sewages  and  effluents 
after  treatment  showed  them  to  be  largely  organisms  of  the  hay 
bacillus  group,  aerobic,  spore-forming  bacteria.  Absolute  sterilization, 
however,  required  very  high  concentration  of  chlorine.  Since  Amer- 
ican sewages  are  weaker  than  European,  and  trickling  effluents  more 
highly  purified  than  those  of  ordinary  contact  systems,  the  outlook 
for  disinfection  seemed  more  favorable  under  our  conditions,  for  the 
less  organic  matter  present  the  less  chlorine  will  be  absorbed  and  pre- 
vented from  exerting  its  disinfectant  action.  Phelps  and  Carpenter 
(1906),  in  a  study  of  the  problem  on  a  laboratory  scale,  obtained  the 
results  indicated  in  Table  XXIV. 

TABLE  XXIV — Disinfection  of  Trickling  Effluent  by  Bleaching  Powder 

(Phelps  and  Carpenter,  190f>) 


Experiment  So. 


Available 
chlorine. 
Parts  per 
million. 


Organism*  Killei».    Per  Cent,  op  Initial  NVmbers. 


Thirty 
minutes. 
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It  was  evident  from  these  experiments  that  complete  sterilization 
«u  a  practical  bnpu^ihilitv,  Neither  the  addition  of  large  amount* 
of  bleaching  powder,  up  to  too  parts  of  available  chlorine  per  million, 
nor  the  storage  i>f  the  effluent  for  periods  of  time  up  to  twenty  hours 
promt  entirely  effectual.  On  the  other  hand,  a  comparatively  law 
omocnt ration  of  chlorine  applied  for  two  hours  gave  a  very  large 
reduction,  the  residual  organisms,  as  in  Ridcal's  experiments*  being 
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almost  entirely  saprophytic  spore  formers.    Sterilization  is  not  feasib 
but  disinfection  Is* 

It  b  fcnpmunt  to  maintain  the  distinction  between  absolute  sterfl- 
uation  and  a  reasonable  percentage  purification  such  as  is  obtained 
in  water  filtration.  A  neglect  of  this  discrimination  has  led  to  the 
use  at  excessive  quantities  of  lime  in  certain  recent  German  experiments 
(Schumacher,  1905;  Krancpuhl,  1907;  Kurpjuwcit,  1907).  The  char* 
actcr  of  the  individual  sewage,  however,  will  of  course  materially  affect 
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the  results  obtained  in  a  given  case.  A  good  efficiency  has  been 
reported  in  recent  experiments  on  the  disinfection  of  septic  effluent 
at  Bengal,  India.  On  the  other  hand,  Kellerman,  Pratt,  and  Kimberly 
(1907)  found  considerable  amounts  of  chloride  of  lime  necessary  for  the 
treatment  of  septic  and  contact  effluents  in  Ohio. 

In  August,  1906,  we  began  to  treat  the  effluent  from  filter  A 
by  adding  chloride  of  lime  solution  from  a  small  orifice  box  to 
the  effluent  as  it  flowed  into  the  sedimentation  tank.  The  solution 
was  mixed  once  a  day  in  a  fifty-gallon  barrel  in  such  strength  that 
when  added  to  the  effluent  at  the  rate  of  two  gallons  per  hour  it  would 
supply  the  effluent  with  about  five  parts  per  million  of  available  chlorine. 
It  was  not  possible  on  such  a  small  scale  to  regulate  the  flow  accurately, 
and  there  was  some  variation  in  the  amount  of  available  chlorine  added 
to  the  effluent  This  value  was  determined  each  day  when  the  samples 
were  taken  for  bacterial  examination.  It  averaged  about  five  parts  per 
million,  and  the  variation  was  no  more  than  may  be  expected  in  the 
case  of  a  larger  plant  with  less  careful  supervision.  Samples  were 
examined  before  the  disinfectant  was  added  and  at  the  outflow  from 
the  tank  after  a  little  less  than  two  hours'  contact. 

TABLE  XXV  —  Efficiency  of  Disinfection  of  Trickling  Effluent  with 

Chloride  ok  Lime 

'Available  Chlorine,  Five  Parts  per  Million) 
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The  results  of  bacterial  examinations  on  nine  different  days  during 
the  period,  as  indicated  in  Table  XXV,  show  a  99*96  per  cent,  removal 
of  total  organisms.  With  Jackson's  bile  test  positive  results  were 
in  33  per  cent*  of  the  tests  made  upon  the  untreated  efflu* 
at  a  dilution  of  one  millionth,  indicating  that  the  organism  was 
present  00  the  average  to  the  extent  of  about  330,000  per  cubic 
centimeter.  After  treatment,  positive  tests  were  obtained  in  22  per 
cent,  of  1  cjc*  samples,  indicating  that  on  the  average  there  was  an 
mgaufam  present  in  5  ex.  of  effluent.  Upon  this  basis  the  average 
removal  of  fermenting  organisms  (presumably  B,  coli )  was  99.993  per 
cent. 

These  results  were  so  favorable  as  to  indicate  the  entire  feasibility 
of  disinfecting  the  effluent  from  trickling  beds  by  means  of  chlorine. 
Five  ports  of  chlorine,  the  amount  necessary  to  secure  practical  disin- 
fection, could  be  applied  at  a  cost  of  $\  .50  per  million  gallons  of  sewage. 
We  desired,  however,  to.  compare  the  efficiency  of  other  disinfecting 
agents.  Johnson  and  Copctand  (1905)  obtained  good  results  with 
copper  sulphate,  but  used  amounts  of  copper  and  periods  of  storage 
which  would  make  the  cost  of  the  process  prohibitive.  When  our  filters 
were  put  hi  operation  after  their  rest  in  September,  1906,  experiments 
were  begun  with  copper  sulphate.  One  part  of  copjx'ras  sulphate  per 
milium  was  added  to  A  effluent  from  October  13  to  November  19*  and 
from  November  20  to  December  2  two  parts  were  used  in  the  same 
way*  During  the  first  period  the  average  of  examinations  on  fourteen 
days  showed  230/200  bacteria  per  cubic  centimeter  before  treatment  and 
34,000  afterward  —  a  reduction  of  35  per  cent,  During  the  second 
period  (with  two  parts  of  copper  per  million)  the  average  of  examinations 
on  seven  days  showed  240,000  bacteria  per  cubic  centimeter  before 
treatment  and  1 8,000  after  —  a  reduction  of  92.5  per  cent.  Evident! 
copper  is  inferior  to  chlorine  for  the  treatment  of  this  effluent,  sin 
the  cost  of  one  part  of  copper  is  about  equal  to  that  of  five  parts 
of  chlorine. 

During  January  and  February,  1907,  no  disinfectant  was  added  to 
the  effluent  from  filter  A.  Simple  sedimentation  showed  for  the  aver* 
9(0  of  fifteen  determinations  a  reduction  from  140,000  bacteria  to 
42,000 — a  diminution  of  70  per  cent.  At  higher  temperatures,  when 
mulnj m; t  .»t*  n  ukes  place  in  the  tank,  00  ItlCh  reduction  wmiUi,  ot 
oomc,  he  observed.  As  noted  above,  the  tank  receiving  B  effluent 
showed  a  considerable  net  increase  of  bacteria  in  the  period  from 
October  to  April. 
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March  i  experiments  were  begun  with  a  third  disinfectant,  sodium 
benzuate.  which  has  been  suggested  for  use  in  this  connection.  In 
March  and  April,  0*8  part  per  million  gallons  was  added,  and  in  May 
die  quantity  was  doubled.  For  the  first  period  the  average  of  tests 
on  twenty-six  different  days  showed  140,000  bacteria  per  cubic  centi- 
meter before  treatment  and  54,000  afterward — a  redaction  of  62  per 
cent  For  die  second  period  the  average  of  fire  determinations  showed 
370^000  bacteria  per  cubic  centimeter  before  treatment  and  84,000 
afterward — a  reduction  of  78  per  cent.  Evidendy  sodium  benzoate 
is  not  an  economical  disinfectant,  since  the  application  of  one  part  per 
million  gallons  would  cost  $1  per  million  gallons. 

There  is  one  important  factor  to  be  taken  into  account  in  interpreting 
these  results,  that  of  temperature.  The  action  of  disinfecting  agents 
follows  the  velocity  laws  of  other  chemical  reactions*  and  rises  with  an 
increase  of  temperature.  The  chlorine  work  was,  therefore,  carried  out 
under  somewhat  more  favorable  conditions  than  the  experiments  with 
copper  sulphate  and  sodium  benzoate.  The  difference  between  chlo- 
ride of  lime  and  the  other  agents  tested  was  so  great,  however,  as  to 
Leave  little  question  of  the  practical  superiority  of  chlorine  for  the 
treatment  of  our  effluent.  Recent  work  carried  out  by  one  of  us  for 
the  New  Jersey  State  Sewerage  Commission  at  Red  Bank.  New  Jersey, 
has  shown  that  chlorine  disinfection  is  entirely  feasible  at  a  low  cost 
and  on  a  practical  scale. 

IX.    Conclusions  a.-?  to  the  Best  Methods  of  Treating  Boston 
Sewage,  with  an  Estimate  of  Irs  Approximate  Cost 

1.  Trickling  Beds. — The  main  result  ot  this  investigation  has 
been  to  show  the  feasibility  of  treating  Boston  sewage  on  trickling 
beds  so  as  to  secure  organic  stability.  In  the  experiments  conducted, 
the  filters  were  operated  at  a  rate  of  about  Wo  million  gallons  per 
acre  per  day.  which  vouid  cail  for  rifty  acres  of  st'.ne  beds  tor  the 
treatment  of  the  sewage  now  discharged  at  M»»  n  Kand.  A  com- 
parison with  the  i}}  acres  of  n  tact  beds  or  :.:cc  acres  of  sand 
beds,  which  wouid  be  necessip.  t'-r  -ther  processes,  indicates  :iearly 
that  :<t  this  city  the  tr.ckbng  bed  rfers  the  m<  >t  practical  method 
ot  treatment. 

We  bave  found  that  with  goud  iistribiitmn  a  tr.ckiin^  bed  $  feet 
deep  will  operate  successfully  at  ail  seasons,  under  i=cu!  weather  con- 
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drums,  It  removes  about  half  the  soluble  organic  matter,  yielding  an 
effluent  which  is  somewhat  turbid,  but  stable  and  well  oxygenated. 
The  organic  matter  present  has  been  so  worked  over  and  purified  by 
the  bacteria  in  the  filter  as  to  be  non-put resctble.  Judged  by  the 
methylene  blue  reduction  test  95  per  cent*  of  the  samples  of  the  efflu- 
ent are  of  such  stability  as  to  undergo  no  putrefactive  change  when 
kepi  doted  up  from  the  air  for  four  days.  Under  ordinary  condi* 
bona  of  discharge  into  open  water  such  an  effluent  would  be  entirely 

The  proper  distribution  on  trickling  beds  can  be  attained  either  by 
the  me  of  Axed  sprinkler  heads  of  the  Columbus  type,  so  arranged  as 
to  discharge  intermittently  at  frequent  intervals,  or  by  the  use  of  the 
splashing  gravity  distributors  designed  at  the  Experiment  Station  for 
this  purpose. 

With  good  distribution  the  trickling  beds  show  no  appreciable 
tendency  to  clog.  During  the  greater  part  of  the  year  solid  matter 
accumulates  on  the  surface  of  the  stones  throughout  the  bed,  but  when 
this  storage  reaches  a  certain  point,  usually  in  the  early  spring,  the 
solids  break  away  and  come  off  in  the  effluent  in  a  stable  condition. 
In  a  period  covering  two  years  the  total  amount  of  solid  matter  coming 
off  balanced  that  going  on.  The  filtering  material  at  the  end  of  the 
experiments  was  in  excellent  condition  and  showed  no  storage  of 
nitrogen. 

Our  results  point  strongly  to  the  advantage  of  operating  trickling 
bed s  under  conditions  as  uniform  as  possible*  Resting  periods  proved 
distinctly  detrimental  to  the  work  of  the  beds  and  constant  operation 
is  to  be  recommended  rather  than  any  process  which  involves  alternate 
working  and  resting  periods. 

X  Ssftic  Tanks.  —  It  appears  from  our  experiments  that  Boston 
sewage  may  be  treated  in  the  septic  tank  with  excellent  results,  and 
that  a  period  of  seven  hours  is  a  sufficiently  long  one,  Thus  operated 
an  open  tank  will  remove  40  per  cent,  of  the  total  suspended  solids  and 
60  per  cent,  of  the  fixed  suspended  solids ;  its  effluent  shows  a  decrease 
of  about  2$  per  cent  in  organic  nitrogen  in  solution  and  a  corresponding 
increase  in  free  ammonia.  The  septic  action  on  the  stored  solids  is 
an  active  one,  four-fifths  of  the  organic  solids  deposited  disappearing 
in  solution  or  as  gas*  Fixed  solids  gradually  accumulate  so  as  to  render 
it  probable  that  tanks  would  require  cleaning  about  once  in  two  years. 

On  the  whole,  our  experiments  indicate  that  the  septic  tank  need 
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not  be  used  at  all  in  the  treatment  of  Boston  sewage.  Since  Xovem- 
|>er,  1906,  when  the  distribution  system  was  put  in  order,  crude  sewage 
has  Iran  treated  on  one  of  our  trickling  beds  with  perfect  success. 
The  effluent  from  this  filter  wan  less  frequently  putrescible  than  that 
from  the  l>ed  which  received  septic  effluent.  The  filter  taking  septic 
effluent  showed  a  deposit  on  its  floor,  due  to  secondary  reducing 
changes,  which  was  absent  from  the  crude  sewage  bed.  Furthermore, 
the  absence  of  the  odors  produced  by  spraying  septic  sewage  is  an 
advantage  of  considerable  moment  in  favor  of  the  process  of  treating 
fresh  sewage.  Combined  with  the  saving  of  the  cost  of  tanks  (in  the 
neighborhood  of  $2  50,000),  these  arguments  seem  to  indicate  the  treat- 
ment of  crude  sewage  directly  on  trickling  filters  as  most  desirable. 
Modern  devices  for  ensuring  a  thorough  preliminary  screening  should, 
however,  be  installed. 

3.  Sedimentation  of  Trickling  Effluents,  —  The  suspended  solids 
which  api^ear  in  the  trickling  effluent,  though  inoffensive,  are  unsightly, 
and  in  many  locations  might  require  removal.  By  a  sedimentation  of 
two  hours  we  have  found  it  possible  to  remove  about  half  the  sus- 
pended solids.  This  clarification  was  accompanied  by  an  improvement 
in  stability. 

In  the  case  of  Boston  the  currents  of  the  harbor  would  be  amply 
competent  to  care  for  the  solid  mutter  discharged  if  that  matter  were 
oi  an  inoffensive  and  non-put resciblo  nature.  Experience  with  the 
system  at  present  in  use  has  indicated  this  quite  clearly.  For  a  com- 
paratixelv  slight  impiovement  in  stabilin  it  doc*  not  appear  to  us 
justifiable  to  go  to  the  cxjvnse  ot  installing  secondary  sedimentation 
tanks.  Ihe  sludge  accumulating  in  such  tanks  would  amount  to  two 
01  three  cubic  voids  per  million  gallons  ol  effluent  a  serious  problem 
in  itscit  We  are  thcictorc  ot  the  opinion  that  the  effluent  from  the 
trickling  beds  may  best  be  dischaiged  direct!)  into  the  harbor  as  it 
comes  tiom  the  beds.  A  stable  effluent  under  such  conditions  could 
cause  no  nuisance,  and  ?t  a  submerged  .litharge  were  provided  its 
presence  wouid  sc.uceiv  be  detected. 

4.  'hs/uftc'ii'H  f  rfix:.'H^  v  y/.'tt '//.  The  vn-oie-m  *t  bacterial 
ouiifk-uioii  Ntill  •eiua:n>  :«•  >e  Mi>kiere\:.  ^inc-j  the  -viin.g  x:u  pro- 
di.s.eN  >ig.i;uv  NMiViit1-  %* :tn-  -.it  ico*  •%  :Mg  m-. a«  -genu.  \u".f!j„.  !n  the 
vu>i  »i  -V^n  'laii.VL.  -vt.i  .ts  .:-.i^e  • 1  : -  '-■>  ;*-,! »i::::liov.  '=>  \*  there* 
aiki  ts  >1k i!n>h  :ndu^:! > .  ' ^s  «.si ».  ->  ;  p^^uutt  -ne.  The  MKiri- 
•us.*, is       !  to.;  -»ui.  cii.iing  the    a^c  tw--  \  •--.irs-  have  made        :e.ir  that 
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the  effluents  from  trickling  beds  may  he  so  purified  bacterially  by  dis- 
infection with  chloride  of  lime  as  to  be  of  much  better  quality  than 
the  present  streams  entering  Boston  Harbor.  This  bacterial  purifica- 
tion requires  about  five  parts  of  available  chlorine  pet  million  gallons, 
and  the  coat  of  treatment  would  be  within  moderate  limits. 

The  process  of  disinfection  with  chlorine  can  be  applied  to  crude 
sewage  as  well  as  to  trickling  effluent,  although  experiments  carried 
out  at  the  station  indicate  that  about  double  the  amount  of  chlorine 
is  needed,  on  account  of  the  reducing  action  of  the  organic  matter  in 
the  sewage.  Pending  the  construction  of  a  trickling  filter  plant 
for  the  treatment  of  the  organic  matter  in  Boston  sewage,  it  might 
well  be  purified  bacterially  by  this  process  at  the  present  Moon  Island 
outfall. 

5.  Gtmtml  Plan  for  the  Treatment  of  the  Sewage  of  the  South 
Metropolitan  District.  —  The  sewage  outfall  of  the  south  Metropolitan 
district  at  Moon  Island  is  the  one  which  threatens  most  seriously  to 
menace  the  purity  of  Boston  Harbor,  and  it  is  this  sewage  which  will 
certainly  first  require  some  different  method  of  treatment.  We  have, 
therefore,  considered  in  a  general  way  the  practical  problem  of  dealing 
with  it  in  the  light  of  the  results  of  our  experiments. 

The  most  convenient  location  for  a  trickling  filter  area  would  be  at 
the  calf  pasture  in  Dorchester,  near  the  present  pumping  station. 
This  is  objectionable,  however,  on  account  of  its  proximity  to  the 
thickly  settled  portion  of  Dorchester,  Furthermore,  the  necessity  for 
excavating  about  10  feet  of  mud  and  refilling  in  its  place  would  greatly 
increase  the  cost  of  construction  at  this  point.  The  same  objections 
apply  to  certain  waste  areas  on  the  Ncponsct  marshes  which  suggested 
thfimrlwea  as  possibly  available.  The  headland  of  Squantum  would 
offer  an  ideal  opportunity  for  building  trickling  beds,  but  the  difficulties 
of  obtaining  land  in  another  town  militate  against  the  use  of  this  sate. 

The  southern  portion  of  Thompson's  Island  would  furnish  a  location 
free  from  all  the  objections  to  which  the  other  sites  are  open.  On  an 
embankment  1,500  feet  long  the  sewage  could  be  carried  from  Squantum 
across  to  the  island,  the  effluent  flowing  back  along  the  same  embank- 
ment to  the  existing  outfall  sewer.  The  pumping  station  at  Dorchester 
and  the  tanks  and  outlet  at  Moon  Island  could  thus  be  used  without 
substantial  changes.  We  have  made  preliminary  estimates  of  the  cost 
of  hnflrttny  fifty  acres  of  trickling  beds,  8  feet  deep,  and  equipped  with 
the  gravity  distribution  system,  and  are  of  the  opinion  that  the  cost. 
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including  the  embankment  with  its  two  sewers,  an  efficient  grit  cham- 
ber, a  reasonable  purchase  price  for  the  necessary  land,  grading,  stone 
filling  brought  to  the  island  by  water,  concrete  construction,  and 
sprinklers,  would  be  in  the  neighborhood  of  $1,800,000. 

If  this  capital  sum  were  borrowed  at  5  per  cent,  on  a  twenty-five 
year  loan  the  annual  expense  for  interest  and  sinking  fund  would  be 
$126,800,  paying  off  the  entire  cost  in  the  twenty-five  year  period. 
As  a  matter  of  fact,  we  see  no  reason  to  suppose  that  at  the  end 
of  this  time  the  plant  would  not  be  good  for  another  twenty-five 
years  without  substantial  reconstruction.  The  cost  of  operation,  includ- 
ing extra  pumping  and  supervision  of  screens  and  filters,  would  amount 
to  $70,000  a  year,  bringing  the  total  cost  to  about  $200,000  a  year, 
or  $5.50  per  million  gallons  of  sewage  treated.1 

The  effluent  from  the  trickling  beds,  wherever  situated,  could  be 
further  bacterially  purified  by  disinfection  with  chloride  of  lime,  at  a 
cost  of  approximately  $1.50  per  million  gallons,  or  $55,000  annually. 

Pending  the  construction  of  filters  for  the  removal  of  putrescible 
organic  matter  from  Boston  sewage,  if  it  should  seem  desirable  to 
secure  bacterial  purification,  this  may  be  effected  by  direct  treatment 
of  the  crude  sewage  with  chloride  of  lime,  which  could  probably  be 
done  for  $3  per  million  gallons,  or  $110,000  annually. 

Experiments  are  now  in  progress  at  the  Experiment  Station  to  test 
the  practicability  of  higher  rates  of  filtration  and  shallower  beds  than 
those  used  in  the  experiments  on  which  these  calculations  are  based, 
as  well  as  on  the  treatment  of  sewage  and  effluents  by  elect rolytically 
produced  chlorine.  It  is  hoped  that  these  experiments  may  lead  to 
a  material  reduction  in  the  estimated  cost  of  the  purification  processes. 
It  seems  clear,  however,  that  the  combination  of  trickling  filters  and 
chemical  disinfection  will  solve  the  Boston  sewage  problem  satisfac- 
torily; and  in  the  light  of  present  knowledge  these  two  methods  are 
the  most  efficient  and  economical  available  for  the  purpose. 
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A  METHOD  FOR  TESTING  AND  COMPARING  SEWAGE 

SPRINKLERS 1 

BY  EARLS  &  PHELPS 

In  the  application  of  sewage  to  the  surface  of  filters  of  the  trickling 
sprinkling  type,  evenness  of  distribution  is  an  essential  factor.  This 
it  more  especially  true  in  the  case  of  filters  whose  material  is  of 

a  nature  that  there  is  little  or  no  lateral  movement  of  the 
age  within  the  bed.  If  on  such  a  filter  one-third  of  the  surface  is 
receiving  two-thirds  of  the  applied  sewage,  it  is  quite  evident  that  the 
rate  of  filtration  on  that  area  is  twice  the  mean  rate.  This  rate  would 
largely  determine  the  character  of  the  effluent,  and  an  effluent  of  the 
same  character  could  be  obtained  at  twice  the  rate  of  filtration  if  the 
sewage  could  be  distributed  in  a  perfectly  even  manner  over  the  whole 


To  accomplish  this  distribution  over  the  surface  of  coarse -fl 
filter*,  many  types  of  distributor  have  been  devised.    Among  the  more 
important  of  these  may  be  mentioned:  (!)  Systems  of  fixed  trough 
designed  either  to  overflow  or  to  discharge  through  notches  or  orifices 
(1)  delivery  anus  rotating  over  circular  beds,  operated  either  by  the  fl 
iff  the  sewage  or  by  power,  distributing  through  nozzles  or  by  overflow- 
ing; (3)  large  overflow  troughs  moved  laterally  back  and  forth  over 
the  bed ;  and  (4)  fixed  sprinkler  heads  (pressure  sprinklers)  discharging 
upward  under  pressure,  or  discharging  downward  (gravity  sprinklers) 
upon  sprinkling  or  spattering  disks.    The  distribution  effected  by  the 
various  methods  is  necessarily  more  or  less  uneven,  and  the  effic 
of  a  given  system  may  be  defined  as  the  evenness  of  the  result i 
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distribution,  a  perfect  distribution  being  one  in  which  each  small  unit 
of  area  is  receiving  its  proportionate  share  of  the  sewage.  Such  a  con- 
dition is  approached,  in  theory  at  least,  by  well-designed  distributors  of 
the  second  and  third  types  enumerated.  Their  efficiencies  depend  upon 
proper  leveling,  unobstructed  openings,  and  other  details  of  design  and 
operation  which  need  not  be  gone  into.  Distributors  of  the  first  type 
mentioned  cannot  give  perfect  distribution.  They  distribute  in  lines, 
and  as  these  lines  are  brought  nearer  and  nearer  together  the  distribu- 
tion becomes  more  nearly  perfect.  In  the  Stoddart  distributor  the  limit 
is  reached  and  almost  perfect  distribution  achieved  by  completely  cov- 
ering the  filter  with  corrugated  sheets  of  metal,  the  individual  troughs 
being  in  actual  contact.  It  is  with  the  last  group  mentioned  —  pressure 
and  gravity  sprinklers  —  that  the  present  discussion  has  to  deal.  Such 
sprinklers  are  fixed  at  definite  points  at  or  above  the  surface  of  the  bed, 
and  are  designed  to  throw  the  sewage  in  a  spray  or  spatter  over  the 
intermediate  areas.  The  efficiency  of  their  distribution  under  given 
conditions  of  head  is  determined  entirely  by  their  design,  and  the  study 
of  this  efficiency  is  one  which  lends  itself  readily  to  careful  experimental 
methods.  The  distribution  is  obviously  not  a  perfect  one,  if  for  no 
other  reason  than  that  it  is  circular,  and  there  must  either  be  overlap- 
ping of  the  circles  or  intermediate  non-wetted  spaces,  or  both.  Within 
each  circle,  moreover,  there  is  generally  a  tendency  to  the  formation 
of  concentric  rings  of  greater  or  less  flow  than  the  average,  so  that  if 
small  units  of  area  are  studied  there  will  be  found  a  variation  in  rate 
of  riow  along  a  radius.  The  definition  of  perfect  distribution  is  one 
which  is  eass'%  grasivd.  bet  the  conception  of  a  quantitative  measure 
•  >r  the  uncenncss  «>t  the  r.stnbuten  «.s  not  so  simple,  and  no  attempt 
has  heretofore  been  -".ade  to  ■.v-rk  out  such  a  measure.  Obviously 
the  distributer  is  rvcas.red  b>  the  .vetted  >u-:"ace.  although  that 
expression  :s  the  bc<  one  Ah:eh  has  th.:>  tar  been  used  t  •  describe 
the  ernciercv  'f  a  spr*^<er  the  .o..-se  :r  r:  "n\es::gat:or  :t  pres~ 

«s..re  and  g-a'.'t;,  >:;r:'Ve  <  v  x---^  "\i.ie  a:  th:s  <-}.\\*->\  t:^e  need 
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the  methods  of  testing  employed  and  of  the  mathematical  analysis 
«>♦  the  results.  A  graphical  representation  of  the  conditions  of  distri- 
bution if  first  worked  out,  and  from  it  the  definition  of  the  "  distribution 
mcHkicnt "  b  derived 

For  the  purposes  of  this  problem  let  us  assume  that  a  pressure 
HmnkUrr  is  shooting  up  a  spray  of  sewage;  fountain-wise,  the  sewage 
falling  aver  a  circular  area.  Along  any  radius  let  us  place  a  line  of 
unall,  square  collecting  tanks  of  known  areas,  which  we  may  designate 
the  unit  area*  Let  it  be  assumed,  further,  that  the  distribution  along 
this  radius  is  the  mean  of  that  along  all  radii.  The  variations  along  the 
vinous  ndii  will  be  small,  and  the  assumption  may  be  completely  real* 
bed,  as  is  being  done  in  our  experiments,  by  revolving  the  line  of 
collecting  tanks  about  the  centre  during  the  experiment.  After  run* 
ning  a  suitable  length  of  time  the  sewage  is  shut  off  and  the  amount 
collected  in  each  small  tank  is  measured.  In  the  accompanying  table 
a  set  of  actual  results  is  reproduced  for  the  sake  of  illustration 
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fr»  fh*  firif  (fAumn  are  jfiven  the  numbers  of  the  collecting  tanks* 
Uh  t  bring  at  fhft  <jtx\Ut,.  In  column  2,  beaded  D,  are  given  the 
dKMn/e*  ff>rn  the  centre  'rf  the  sprinkler  to  the  centres  of  the  corrc- 
tfrfudlng  Mnkft,  the  aide  (A  the  tank  being  taken  as  unit  distance.  In 
the  third  column,  Q9  Arc  given  the  amounts  of  sewage  measured  in  each 
tank  fit  thr.  end  of  the  test.  Any  unit  of  volume  may  be  employed. 
Ih  thi*  (iiM:  the  <lq>th*  in  the  measuring  tanks  are  used,  these  being 
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centre  dhow*  the  rate  of  discharge  at  all  points  on  a  circumference 
ikaciibul  about  the  centre  at  the  given  distance  from  it.  Hende  to 
obtain  a  curve  showing  the  distribution  on  the  whole  circle,  t9  r#l  on  an 
infinite  series  of  successive  circumferences,  it  is  necessary  to  multiply 
the  ordinate  for  each  point  on  the  radius  by  the  length  of  the  corre- 
sponding circumference,  or  what  amounts  to  the  same  thing,  relatively, 
by  the  radial  distance  of  the  point  in  question.  In  column  4,  D  X  Q 
in  the  table,  are  given  the  figures  resulting  from  this  operation.  These 
quantities  represent  the  relative  rates  of  discharge  of  the  sewage  upon 
ttirxcasrve  concentric  rings  of  the  circle,  the  width  of  the  rings  being 
unity  and  their  distances  from  the  centre  being  the  corresponding  D. 
If  now  a  new  curve  be  plotted  with  these  products  just  obtained  as 
ordinate*  and  the  corresponding  D  values  as  abscissa*,  the  resulting 
curve  is  the  curve  of  distribution  over  the  wetted  area  (curve  B  in  the 
figure). 

From  its  construction  this  curve  has  the  following  properties;  the 
ordinate  at  any  point  shows  the  relative  rate  of  discharge  of  the  sewage 
upon  a  circumference  at  the  corresponding  distance  from  the  centre; 
the  area  of  any  vertical  strip  shows  the  relative  total  discharge  upon 
the  cm  responding  ring  of  the  wetted  circle;  and  the  total  area  under  the 
curve  represents  the  total  discharge  from  the  sprinkler* 

It  will  next  be  necessary  to  construct  the  curve  of  perfect  distribution. 
This  curve  must  conform  to  the  fact  that  the  discharge  upon  all  unit 
areas  is  the  same,  and  hence  that  discharges  upon  all  circumferences 
are  directly  proportional  to  their  lengths,  t\  <%  to  their  radii*  Obviously, 
then,  the  curve  is  a  straight  line  passing  through  the  origin.  *  Its  slope 
is  determined  graphically  by  the  fact  that  the  area  under  the  curve 
represents  the  total  discharge  from  the  sprinkler,  and  hence  equals  the 
area  under  the  distribution  curve  already  drawn.  The  latter  area  may 
be  determined  by  means  of  a  planimcter  The  base  of  the  triangle  is 
known,  and  from  that  and  the  area  its  altitude  may  be  computed  It 
be  calculated  more  readily  but  less  accurately  by  adding  up  the 
Q  X  D  and  dividing  by  the  radius  of  the  wetted  circle  (10). 
This  curve  is  shown  tn  the  figure  as  curve  G 

We  now  have  the  curve  of  actual  distribution  and  the  curve  of 
perfect  distribution.  There  remains  to  be  derived  a  mathematical 
tipremim  of  the  relation  between  these  two  curves.  The  curves  have 
a  common  area,  which  is  shaded  in  Che  diagram.  From  what  has  pre* 
ceded  tt  will  be  apparent  that  the  more  perfect  the  distribution  the 
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f//  fir*-  f/rfal,  */»/!  rh*  ratio  will  be  ovrre^jorfingly  low.  Moreover, 
#htU'  if  u  r*vt  wvUrrtt.  from  r.hit  prwent  brief  description  of  the 
H*  M»/rfl,  ^  uKttr  /artful  'AT&\y\i%  of  the  mutual  relations  of  these  two 
H»rv#'«  *r»/F^4t  th^r  two  distribution  curves,  differing  from  one  another 
In  *Uit\*r,  but  yc-lding  th#:  sanv:  ratio  of  common  area  to  total  area, 
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fliof  dilution 

II  wr  drhur  the  term  " excessive  discharge"  as  that  part  of  the 
<lu<  h.HKr  It  "(it  a  npi  inkier  which  is  flowing  u\xm  any  area  of  the  filter 
In  eiie**  ol  tin*  mean  rate  for  the  total  area  (represented  graphically 
liy  ili.it  |h»i lion  11I  the  area  above  the  straight  line),  then  we  may  define 
the  loi  llu  lent  ol  distribution  as  the  ratio  of  the  total  discharge  minus  the 
e\ie**ive  discharge  to  the  total  discharge;  or,  in  algebraic  form, 
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UtU]  wetted  area ;  that  is,  it  bears  the  same  relation  to  the  total  area 
is  the  sum  of  the  Q  X  D  column  does  to  the  total  discharge.  Divid- 
ing the  former  by  the  latter  gives  the  mean  discharge  (M)  per  unit  area 
f<*r  the  whole  filter.  If  this  mean  discharge  be  subtracted  from  each 
value  of  Q  which  is  greater  than  the  mean,  a  set  of  figures  are  obtained 
which  are  shown  in  the  table  under  the  heading  Ex  Q.  These  figures 
arc  the  excessive  discharges  per  unit  areas  at  the  respective  distances 
(ram  the  centre.  Multiplied  again  by  the  distances  in  the  D  column, 
they  give  the  excessive  discharges  for  the  concentric  rings,  and  the 
i  of  the  latter  figures,  column  D  X  ,Ex.  Q,  gives  the  total  excessive 
as  already  defined  (E).  We  have  now  the  two  factors  T  and 
£  for  use  in  the  formula, 

jr 

Dist.  Coef,  =  i  - 

T 

la  the  illustration  used, 

E  sa  13  4,  T  =  73.1,  c  =  1  -  0.18  =  0.82, 

The  coefficient  thus  derived  refers  to  the  efficiency  of  the  sprinkler 
under  the  given  conditions  and  figured  upon  the  area  of  the  wetted 
circle.  There  remains  to  be  derived  the  true  coefficient  based  upon  the 
trrtaJ  area  of  the  filter,  portions  of  which  between  the  circles  may  not 
be  wetted.  Each  sprinkler  must  then  be  referred  to  the  area  of  a 
whose  side  is  the  distance  between  centres  of  adjacent  sprinklers, 
denoting  the  area  of  the  square  by  Sq  and  of  the  wetted  circle  by  Cir, 
the  final  coefficient,  C,  may  be  found  from  the  former  coefficient,  c, 
by  the  formula, 

C  =  c  X  Cir/Sq. 

By  the  use  of  such  a  distribution  coefficient  it  is  possible  to  make 
experimental  comparisons  of  both  pressure  and  gravity  sprinklers  of 
various  designs,  and  to  test  the  effects  of  variations  in  bead,  rate 
of  discharge,  and  other  variables  upon  the  distribution, 
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STUDIES  OF  SEWAGE  DISTRIBUTORS  FOR  TRICKLING 

FILTERS 

»T  C--E.  A.  W1NSIJDW,  EARLE  B.  PHELPS,  C.  P.  STORY,  astd  H.  C.  McRAR 

L   The  General  Problem  ok  Sewage  Distribution 

The  chief  technical  difficulty  in  the  construction  of  the  trickling,  or 
percolating  filter,  as  it  is  called  in  England,  lies  in  securing  efficient 
distribution  of  the  sewage.  The  liquid  must  be  discharged  slowly  and 
evenly  over  the  whole  surface  of  the  bed  and  thoroughly  aerated  in  the 
process;  in  other  words,  it  must  be  distributed  in  a  rain  of  fine  drops. 
The  mechanism  adapted  differs  widely  in  various  disposal  plants.  Some 
of  the  earlier  English  investigators  used  tipping  buckets  and  troughs, 
placed  at  intervals  over  the  filter,  relying  on  the  splash  to  dose  the 
intervening  areas.  This  method  must  necessarily  produce  imperfect 
results,  and  the  required  apparatus  is  cumbrous  and  expensive.  Other 
devices  are  designed  to  secure  a  steady  overflow  from  fixed  level 
troughs  or  pipes.  Of  these,  the  most  highly  developed  is  the  Stoddart 
distributor,  in  use  at  Horfield  and  other  English  towns.  Thin  is 
tkafly  a  series  of  channels  over  the  sides  of  which  the  sewage  overflows 
continuously,  dripping  from  points  on  the  under  side,  360  points  being 
allowed  to  a  square  yard.  Theoretically  this  should  secure  a  very  even 
distribution ;  but  the  system  requires  that  the  channels  remain  perfectly 
level  and  dean,  a  condition  difficult  to  preserve  in  practice. 

Another  series  of  distributors  secures  an  even  spread  of  the  sewage 
by  the  use  of  some  form  of  moving  apparatus.  The  simplest  devices 
of  tins  type  consist  of  a  pair  of  revolving  arms  discharging  sewage  in 
tangential  directions,  so  that  they  are  propelled  by  their 
on  the  principle  of  a  Barker  mill    The  Candy- Whi 
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patents  cover  some  of  the  best  known  English  distributors  of  this  type. 
More  elaborate  designs  involve  the  use  of  power  for  moving  troughs 
from  which  the  sewage  trickles  by  numerous  small  openings,  or  from 
which  it  flows  in  a  thin  stream  over  a  weir.  In  connection  with  the 
experiments  carried  out  at  Birmingham,  Scott-Moncrieff  installed  a  large 
distributor  of  this  pattern,  which  consisted  of  a  trough  revolving  on 
a  circular  rail  at  its  outer  extremity  and  driven  by  a  small  oil  engine. 
At  Hanley  is  a  similar  trough,  which  runs  back  and  forth  over  a  rec- 
tangular bed,  propelled  by  an  electric  motor. 

There  are  certain  inherent  objections  to  all  such  movable  distributors 
which  have  so  far  seemed  almost  insuperable  to  American  engineers. 
Power,  or  its  equivalent  hydraulic  head,  is  necessarily  involved  in  all  of 
them.  Movable  arms  and  troughs  involve  structural  details  which  are 
expensive  to  construct  and  which  require  constant  attention ;  and  it  may 
seriously  be  doubted  whether  devices  of  such  complexity  and  delicacy 
of  adjustment  could  be  operated  at  all  under  the  influence  of  a  severe 
winter  climate.  Even  in  England  trouble  was  experienced  at  certain 
plants  during  the  cold  winter  of  1906-07. 

The  simplest  and  Tnost  practical  of  the  English  methods  of  distri- 
bution is  the  system  of  spraying  the  sewage  upward  from  sprinkler 
heads  arranged  at  intervals  along  fixed  pipes.  Fixed  sprinklers  of  this 
type  have  been  used  for  some  time  at  Salford  and  other  English 
towns,  and  are  planned  for  the  two  largest  trickling  filter  plants  yet 
designed  in  the  United  States — at  Columbus,  Ohio,  and  Waterbury, 
Connecticut. 

The  chance  of  offensive  odors  is  of  course  increased  by  the  dis- 
tribution of  sewage  spray  in  the  air,  but  the  free  oxidation  probably 
facilitates  purification.  At  Birmingham  a  careful  comparison  has  been 
made  of  various  types  of  revolving  distributors  and  pressure  nozzles. 
Mr.  J.  D.  Watson  reports  (Engineering  News,  58,  89),  as  a  result  of 
these  studies,  that  spray  jets  cost  $2,500  per  acre  to  install,  against 
£5,000  to  £20,000  for  moving  distributors,  and  that  the  beds  equipped 
with  the  latter  were  idle  as  a  result  of  the  distributor  being  out  of 
order  from  8  to  28  per  cent,  of  the  time.  The  results  obtained  with 
fixed  sprinkler  heads  of  course  depend  largely  on  the  details  of  their  con- 
struction, the  head  available,  the  spacing  of  the  nozzles,  and  particularly 
on  the  construction  of  the  nozzles  themselves. 

In  the  course  of  the  investigations  on  the  purification  of  the  sewage 
of  Boston,  carried  out  at  the  Sanitary  Research  Laboratory  of  the 
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usetts  Institute  of  Technology,  another  method,  that  of  gravity 
distribution,  has  been  devised 

This  system,  referred  to  in  an  address  before  the  Society  of  Arts, 
October  12,  1905,  and  described  in  the  Engineering  News  for  Au- 
gust ttit  1906,  appears  to  possess  certain  distinct  advantages.  The 
xwage  is  distributed  in  troughs  elevated  over  the  Alter!  from  which 
it  drops  through  boles  in  the  bottom  of  the  troughs  onto  concave  disks 
below,  splashing  upward  from  the  disks  in  a  fine  spray.  It  has  been 
used  (or  two  years  with  success  at  the  Boston  station,  and  has  since 
been  adopted  by  the  Massachusetts  State  Board  of  Health  for  an 
experimental  filter  at  Andovcr,  according  to  an  account  published  in 
the  Engineering  News  of  April  1  r,  1907* 

With  distributors  of  almost  any  type  it  is  possible  to  combine 
ripbon  tanks  or  other  automatic  devices  for  securing  intermittency  of 
operation.  The  increased  pressure  thus  produced  at  the  moment  of 
maximum  discharge  tends  to  keep  clear  any  openings  which  might 
otherwise  clog,  and  when  the  sewage  is  discharged  under  pressure 
from  perforated  pipes  the  variations  in  head  tend  to  make  the  circle 
of  spray  both  wider  and  more  even.  This  plan  has  long  been  used  at 
Chesterfield  and  other  English  towns, 

II,    Methods  for  Measuring  the  Efficiencv  ok 
Skwaor  Distributors 

The  Stnddart  distributor  and  the  various  types  of  movable  sprinklers 
used  hi  England  are  theoretically  perfect,  and  their  failure,  when  it 
occurs*  is  due  to  structural  imperfections  or  lack  of  care  in  mainte- 
nance. On  the  other  hand,  fixed  sprinkler  nozzles  and  the  gravity* 
system  of  distribution  cover  at  best  only  a  portion  of  the  surface  of 
the  filter.  Since  both  these  latter  type*  discharge  sewage  approxi- 
mately in  a  circle,  each  nozzle  or  disk  will  wet  only  78  per  cent  of 
the  square  area  surrounding  it.  Furthermore,  almost  all  these  distrib- 
utors tend  to  discharge,  for  the  most  part,  in  one  or  two  concentric 
rings  of  the  wetted  area.  Some  nobles  too,  discharge  unevenly  along 
different  radii.  It  is  important  to  determine  how  serious  these  devia- 
tions are.  Imperfect  distribution  means  that  a  part  of  the  filter  area 
below  is  wasted  and  another  part  is  operated  at  excessive  rates.  Yet 
almost  no  exact  data  upon  this  point  arc  now  available.  Some  experi* 
have  noted  the  proportion  ol  the  total  area  wetted  by  their 
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sprinklers ;  but  such  a  standard  is,  of  course,  wholly  inadequate,  since 
it  fails  to  discriminate  the  extent  of  the  discharge  upon  different  por- 
tions of  the  wetted  area.  We  have  therefore  thought  it  worth  while  to 
make  a  somewhat  extensive  study  of  this  point,  comparing  in  detail  the 
efficiency  of  various  fixed  sprinkler  nozzles  and  of  a  number  of  patterns 
of  gravity  distributors  under  various  conditions. 

For  the  quantitative  study  of  the  efficiency  of  distribution  a  meas- 


urin^  appaiu;i.:>  acv,>cvi.  ::v  o.mi>:- ucivn  .u  -a iisch  ;>  indicated  in 

Figures  :  .uk!  .:  !:  o-ii.Nisto.:       ...  >>.j.!;.»a.  ok -..jar  'xLSin  «»t  cement 

concrete  14  ;cce  :;;  .l^weix-.              v.-.v.:.- ■!  .1  oci'-l:^            o >nnected 

with  a  '.v.t>te    >ijv  v  -.v.      A   >.;;^                  •  ;  ^    '\ls>c«.i    ;nuer  the 

OJUCfetC  'V>».     '.iK-.M^I     "•'1.^         i-:.     ■..     .ft  :     "  IX'  XiSUl. 

r«»   :.hi>  >aau-    i...^'\v.    ".  k    s      \v..     "  .  ..ii-i.>.  types 

doi^ncu       ''U'vsusc  .:iv!!,,v.i".'       V  ^  'V.o;  x  %hape  of 

the         >L^^.ii       .i  ,,iu^.  h.^  u;.iviK\;   l;    :^  w         .  :  J ; 2 -inch 


StUiiits  of  Distributors  for  Trickling  Filters 


329 


iron  collar,  fitted  over  the  supply  pipe  so  as  to  turn  freely  upon  it.  The 
twjter  end  of  the  wooden  platform  was  supported  on  ball-bearing  castors, 
arranged  to  run  on  a  flat  shelf  at  the  periphery  of  the  concrete  basin,  so 
that  the  whole  platform  could  be  revolved  about  the  supply  pipe  as  a 
centre;  mod  the  collar  and  castors  were  so  adjusted  that  the  platfo 
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was  exactly  level.  The  platform  carried  a  galvanized  iron  tank, 
m  the  form  of  a  30°  sector,  divided  into  compartments  by  co 
trie  arcs  6  inches  apart.  The  radius  of  the  tank  was  6  feet,  gi  ' 
twelve  concentric  compartments,  and  its  depth  was  6  inches.  When 
thi*  tank  was  rotated  about  the  supply  pipe  during  the  course  ol  «n 
experiment,  the  evenness  of  distribution  was  of  course  measured  by  the 
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was  connected  to  a  2-inch  tec  by  a  reducing  coupling.  The  section 
of  the  tee  was  large  enough  to  permit  an  accurate  measurement  of  the 
static  head  on  the  orifice  by  a  glass  piezometer  tube  inserted  in  its 
top,  and  the  bead  was  adjusted  at  any  desired  point  by  a  valve  behind 
the  tee. 

The  orifices  were  calibrated  by  measuring  their  discharge  at  various 
heads  in  a  cypress  tank,  2  feet  by  6  feet  in  area  and  3  feet  deep. 
A  special  form  of  gauge,  to  be  described  later,  was  used  in  these 
measurements,  and  they  were  accurate  within  .005  inch  in  the  dearth 
of  the  tank,  or  ,005  cubic  foot  of  discharge.  The  calibration  of  the 
tT€-inch  orifice  is  shown  in  Table  I. 

TABLE  I—  Caui*atiom  or  Onirics 
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The  discharges  of  171  and  408  gallons  per  minute,  corresponding 
to  5 -inch  and  56-inch  heads  on  the  orifice,  were  chosen  as  two  arbitrary 
rates  of  discharge  for  the  gravity  distributor  tests.  The  si -inch  orifice 
tested  sufficiently  to  find  a  third,  higher  rate*  A  head  of  18  inches 
this  orifice  was  found  to  give  a  discharge  of  1.1325  cubic  feet,  or 
gallons  per  minute,  and  this  was  used  as  the  standard  rate  for 
discharges.  The  entire  aptaratus  was  protected  during  the  course 
the  experiments  by  a  rough  wind  shield 

The  measurement  of  the  volume  of  liquid  collected  in  the  various 
its  of  the  measuring  tank  during  a  test  was,  according  to 
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our  original  plans,  to  be  made  directly,  and  for  this  purpose  a  small 
stopcock  was  attached  to  each  compartment.  This  process  proved 
somewhat  tedious,  however,  and  the  same  end  was  attained  fay  meas- 
uring the  depth  of  the  liquid  in  each  compartment  at  the  end  of  the 
run,  after  a  careful  preliminary  calibration  of  the  various  compartments. 

The  depth  of  water  in  this  measuring  tank,  and  in  the  cypress 
tank  used  for  nozzle  calibration,  was  measured  fay  a  simple  and  accu- 
rate gauge  devised  for  the'  purpose,  the  construction  of  which  is  indi- 


Fig.  3. —  Elevation  and  Plan  of  Gauge 

cated  in  Figure  3.  It  consisted  of  a  graduated  glass  tube'  (a  r  c.c. 
pipette),  the  graduated  portion  being  6  inches  long  and  divided  into 
hundredths.  This  tube  slid  up  and  down  in  a  cork  fitted  into  a  long, 
flat  piece  of  wood,  carefully  planed.  When  the  wooden  crosspiece 
rested  in  a  horizontal  position,  supported  at  its  ends,  the  tube  between 
was  exactly  vertical.  Just  above  the  wooden  crosspiece  a  fine  wire  was 
stretched  longitudinally  between  two  supports  behind  the  tube,  and 
behind  the  wire  a  small  mirror  was  fixed.  By  reading  with  the  wire 
and  its  reflection  superposed  the  position  of  the  tube  could  be  esti- 
mated to  tenths  of  its  smallest  graduations  (.0005  foot).    In  measur- 
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fcig  the  depth  of  water  in  a  compartment  of  the  measuring  tank  the 
wooden  crosspieoe  of  the  gauge  was  rested  on  the  two  sides  of  the  tank 
and  the  tube  was  slid  carefully  down  till  its  mouth  just  touched  the 
surface  of  the  water.  This  point  could  be  detected  with  great  accuracy 
by  the  jump  into  the  tube  of  the  drop  of  water  drawn  up  by  capillary 

Each  compartment  of  the  measuring  tank  was  calibrated  by  pouring 
in  measured  quantities  of  water  and  reading  the  depth  after  the  addition 
of  each  successive  portion.  The  average  of  these  determinations  gave 
the  number  of  units  of  depth  corresponding  to  a  given  volume  of  water. 
The  reciprocal  of  this  was  the  volume  of  water  corresponding  to  a  unit 
of  depth  for  the  compartment  in  question.  A  special  correction  was 
necessary  for  irregularities  in  the  bottom  of  the  tank  and  for  the  zero 
reading  of  the  gauge.  The  former  was  determined  by  the  difference 
between  the  change  in  level  produced  by  the  first  portion  of  water 
poured  in  and  by  subsequent  portions.  The  general  results  of  this 
tank  calibration  are  indicated  in  Table  II. 


TABLE  It  —  Caumiatm*  or  Mkasukim;  Tank 
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M relative  values"  in  the  butt  column  *rf  the  table  should,  of 
\  have  o>me  out  I,  3t  5,  7,  etc.,  if  there  had  been  no  irregularities 
the  construction  of  the  tank,  for  with  unit  depth : 


Q, 

ft- 


4  « 


»  X  2»  X  I 


I  he  tenting  ap|janitui  in  operation  b  dwvn  in  Figure  4,  and  nearer 

ii?WH  nl  the  measuring  tank  in  Figures  3  and  6.    The  following  memo- 
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\\\\  /UIU4  In  After  ani(\itiims  had  become  constant  in  the  trough, 

I lu-  invi  i  nl  t Im*  iiMMhiiririK  tank  waa  removed  (the  time  being  taken  with 
.1  Mop  wiitrli).  1  hit  tent  the  tank  was  slowly  rotated  by  hand. 

Ah  h\i\w\  i\h  iiiiy  c-inii|ifirtifi€fiit h  l>ecame  so  full  as  to  threaten  splashing 
the  tvhl  wua  Mopped,  the  cover  replaced,  and  the  time  again  noted, 
live  supply  valve  \NMH  then  cloned,  and  after  the  discharge  had  ceased 
\\w  \o\cv  wan  lcmoved  and  the  depth  of  liquid  in  each  compartment 
wl  the  lucasuunn  tank  wan  determined,  as  described  above. 

111.      XUtllOO  OK  I  '  Al.l'l' LATINO   A   COEFFICIENT  FOR  THE 

Kmi'it.Nrv  of  Skwacsk  Distributors 

\iu*v  the  piopoilionate  amount  of  discharge  in  various  zones  about 
;V  s:  '.v.iiSviwi*  had  Kvn  determined  by  the  method  outlined  above, 
■-.  w  x  !vNv*>u>\  to  doxiso  some  methyl  of  stating  the  results  so  that 
>s  e.*vv:v\  oi  iSs*  xaiious  txpos  could  bo  easily  and  accurately  com- 
v  w      Ko:      x  :v*':v^  oiv  ot  us  VK.  R  l\)  has  derived  a  coefficient 
N\-  .       \  :  v:\  xhows  the  nuthcnuitieal  relation  between  any 

sW^  kv  >  vo.*  a  •N,itK»a  Ai».d  :ha:  ideal  condition  in  .which 
o-xv  >  x  \,      .  ;  ,\  vuv        V.  !v\viNe  i;s  evict  vr^nvrtionate  share. 
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TABLE  III  —  RtauLT*  or  Omi*va«o*s  or  Dtrrtiatmoff  Kmecrso  wt 
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M  In  the  first  column  arc  given  the  numbers  of  the  collecting  tanks. 
No*  1  being  at  the  centre.  In  column  2,  headed  I),  are  given  the 
Aim*****  *  (ram  the  centre  of  the  sprinkler  to  the  centres  of  the  corre- 
sponding tanks,  the  side  of  the  tank  being  taken  as  unit  distance. 
In  the  third  column*  Q,  are  given  the  amounts  of  sewage  measured  in 
each  tank  at  the  end  of  the  test.  Any  unit  of  volume  may  be  employed 
In  this  case  the  depths  in  the  measuring  tanks  are  used,  these  being 
proportional  to  the  volumes.  Now  if  these  quantities,  Qt  arc  plotted 
as  ordinate*  against  the  corresjionding  D  values  as  abscissa-,  wc  obtain 
a  rurve  showing  the  relative  distribution  of  the  sewage  along  the  radius. 
This  curve  is  shown  at  A  hi  the  diagram  (Fig.  7),  It  shows  the  rate 
of  discharge  per  unit  area  at  any  point  whose  distance  from  the  centre 
b  known,  and  will  be  known  as  the  curve  of  radial  distribution.  Since 
the  radial  distribution  measured  was  assumed  to  be  the  mean  of  all 
radial  distributions  the  ordinate  of  this  curve  at  any  given  distance 
from  the  centre  shows  the  rate  of  discharge  at  all  points  on  a  cir- 
cumference described  about  the  centre  at  the  given  distance  from  it. 
Hence  to  obtain  a  curve  showing  the  distribution  on  the  whole  circle, 
i on  an  infinite  series  of  successive  circumferences,  it  is  necessary 
to  multiply  the  'ordinate  for  each  point  on  the  radius  by  the  length  of 
the  corresponding  circumference,  or  what  amount*  to  the  same  thing, 
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relatively,  by  the  radial  distance  of  the  point  in  question.  In  column  4, 
I)  X  (J,  in  the  table  are  given  the  figures  resulting  from  this  operation. 
Thews  quantities  represent  the  relative  rates  of  discharge  of  the  sewage 
upon  successive  concentric  rings  of  the  circle,  the  width  of  the  rings 
being  unity  and  their  distances  from  the  centre  being  the  correspond- 
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the  ivsuhin:;  emve  i-  the  cur\e  o>  dUiriSut i. m  over  the  wetted  area 
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upon  a  ureenHeretiee  at  the  c- >nevooudi:\^  distanee  rro»n  »h0  eentre ; 
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tncaita  of  any  vertical  strip  shows  the  relative  total  discharge  upon  the 
corresponding  ring  of  the  wetted  circle ;  and  the  total  area  under  the 
curve  represent*  the  total  disc  harge  from  the  sprinkler, 

m  It  will  next  be  necessary  to  construct  the  curve  of  perfect  distri- 
bution. This  curve  must  conform  to  the  fact  that  the  discharge  upon  all 
unit  areas  is  the  same,  and  hence  that  discharges  upon  all  circumfer- 
ences are  directly  proportional  to  their  lengths,  1.  to  their  radii. 
Obviously ,  then,  the  curve  is  a  straight  line  passing  through  the  origin. 
Its  slope  U  determined  graphically  by  the  fact  that  the  area  under  the 
curve  represents  the  total  discharge  from  the  sprinkler,  and  hence 
equals  the  area  under  the  distribution  curve  already  drawn.  The  latter 
area  may  be  determined  by  means  of  a  planimeter,  and  f  rom  the  known 
base  of  the  triangle  its  altitude  may  be  computed.  It  may  be  calculated 
wan  readily  but  less  accurately  by  adding  up  the  column  QX  D,  and 
dividing  by  the  radius  of  the  wetted  circle  (to).  This  curve  is  shown 
in  the  figure  as  curve  C 

M  We  now  have  the  curve  of  actual  distribution  and  the  curve  of 
perfect  distribution*  There  remains  to  be  derived  a  mathematical 
cjrprearirHi  of  the  relation  between  these  two  curves*  The  curves  have 
a  common  area  which  is  shaded  in  the  diagram.  From  what  has  pre- 
ceded it  will  be  apparent  that  the  more  perfect  the  distribution  the 
more  nearly  will  the  two  curves  coincide,  and  the  greater  will  be  this 

QnumHtn  area,  Henoa  a  direct  ootpparisqn  of  ti»c  common  site  with  tin- 
total  area  of  cither  curve  gives  a  numerical  expression  of  the  efficiency 
of  the  distribution.  If  the  distribution  be  perfect  the  two  curves  will 
coincide,  and  the  ratio,  common  area  to  total  area,  will  be  unity.  If  the 
distribution  is  very  poor  the  common  area  will  be  small  in  proportion  to 
the  total,  and  the  ratio  will  be  correspondingly  low*  Moreover,  while  it 
is  not  so  evident  from  the  present  brief  description  of  the  method,  a 
mure  careful  analysis  of  the  mutual  relations  of  these  two  curves  shows 
that  two  distribution  curves  differing  from  one  another  in  shape,  but 
yielding  the  same  ratio  of  common  area  to  total  area,  represent  condi- 
tions actually  different,  but  identical  as  regards  relative  distribution. 

* II  we  define  the  term  'excessive  discharge*  as  that  part  of  the 
discharge  from  a  sprinkler  which  is  flowing  upon  any  area  of  the  filter 
in  excess  of  the  mean  rate  for  the  total  area  (represented  graphically  by 
that  portion  of  the  area  above  the  straight  line),  then  we  may  define  the 
coefficient  of  distribution  as  the  ratio  of  the  total  discharge  minus  the 
excessive  discharge  to  the  total  discharge ;  or,  in  algebraic  form* 


340 


Wins  low,  Phelps,  Story,  and  McRae 


Dist.  Coef. 

or,  more  simply, 

Dist.  Coef. 

"  Comparisons  of  the  areas  may  be  made  quite  readily  by  means  of 
the  planimeter.  To  obviate  the  necessity  of  multiplying  to  get  the 
quantities  Q  x  a  special  form  of  plotting  paper  has  been  used, 
which  performs  the  multiplications  graphically.  This  paper  has  one  set 
of  coordinate  lines  vertical,  as  usual,  and  the  other  set  radiating  from 
the  origin.  Direct  plotting  of  the  figures  used  in  curve  A  upon  such 
paper  will  in  reality  give  curve  B,  any  given  value  having  an  actual 
magnitude  upon  the  plot  which  is  proportional  to  the  horizontal  distance 
from  the  origin." 

While  the  plot  and  the  foregoing  demonstration  are  essential  to  a 
clear  understanding  of  the  coefficient,  it  has  been  found  much  simpler 
and  sufficiently  accurate  in  practice  to  make  an  arithmetical  calculation 
of  the  coefficient  directly  from  the  observed  data.  Either  of  the  last  two 
columns  in  Table  II  may  be  used  instead  of  column  2,  D,  in  Table  III, 
since  it  corresponds  to  it  with  an  allowance  for  the  irregularities  of 
construction  in  the  tank.  For  column  3,  Q,  the  observed  depth  is 
used,  after  the  application  of  the  proper  bottom  correction.  The  sum 
of  the  fourth  column,  D  X  Q,  gives  the  total  discharge,  T,  upon 
the  sector  tested,  directly  in  gallons,  if  the  relative  value  in  gallons  is 
used  for  D.  The  sum  of  column  2,  D,  corresponds  to  the  total  wetted 
area ;  that  is,  it  bears  the  same  relation  to  the  total  area  that  the  sum  of 
the  fourth  column,  D  X  Q,  does  to  the  total  discharge.  In  practice, 
when  the  liquid  discharged  did  not  reach  the  outer  compartments,  those 
zones  not  wetted  were  of  course  omitted  from  column  2.  Now  if  the 
sum  of  column  4,  D  X  Q.  be  divided  by  the  sum  of  column  2,  D,  the 
quotient,  M,  will  be  the  mean  discharge  per  unit  area  over  the  whole 
wetted  surface.  If  this  mean  discharge  be  subtracted  from  each  value 
of  Q  which  is  greater  than  the  mean,  a  set  of  figures  are  obtained  which 
are  shown  in  Table  III  in  column  5,  under  the  heading  Ex.  Q.  These 
figures  are  the  excessive  discharges  per  unit  areas  at  the  respective  dis- 
tances from  the  centre.  Multiplied  again  by  the  distances  in  the  D 
column  they  give  the  excessive  discharges  for  the  concentric  rings,  and 
the  sum  of  the  latter  figures,  column  D  x        Q-  gives  the  total  exces- 
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rive  discharge  as  already  defined,  E,  In  practice,  the  difference  ber 
the  nam  discharge  and  the  actual  discharge  was  also  determined  far 
ism  which  received  less  than  their  share;  and  the  sum  of  these  values 
ns  wed  as  a  check  on  the  total  excessive  discharge,  E 

Either  the  total  excessive  discharge  on  the  areas  receiving  too  much 
■quid,  or  the  total  deficient  discharge  on  the  areas  receiving  too  little, 
when  divided  by  the  total  discharge  measures  the  deviation  of  the 
distribution  from  a  perfect  condition.  Referring  to  Figure  7,  it  will 
be  seen  that  the  total  discharge,  T,  corresponds  to  the  area  under  the 
Imc  C,  and  that  the  excessive  discharge,  E,  corresponds  to  the  area 
below  B  and  above  C.  Perfect  distribution  would  be  indicated  by  a 
value  of  aero  for  E  or  a  coincidence  of  lines  B  and  C.  This  condition 
is  called  unity,  and  the  observed  condition  in  any  case  is  expressed  as 
the  difference  between  unity  and  the  ratio  of  excessive  discharge  t 
total  discharge.    In  the  shape  of  a  formula  this  becomes, 

E 

Disk  Coef .  =  1  —  — * 
T 

in  the  illustrative  example  given  in  Table  III, 

E     13.4,  T  =s  73.1,  c  =  1  —  0.18  =  0.8a. 

The  crude  coefficient  thus  derived  refers  to  the  efficiency  of  the 
sprinkler  under  the  given  conditions  and  figured  upon  the  area 
the  wetted  circle.  There  remains  to  be  derived  the  true  corrected 
coefficient  based  upon  the  total  area  of  the  filter,  including  the  un wetted 
corners  between  the  circles.  Each  wetted  area  should  be  referred  to 
the  area  of  a  square  whose  side  is  the  distance  between  centres  of 
adjacent  sprinklers.  Denoting  the  area  of  the  square  by  Sq  and 
of  the  wetted  circle  by  Cir,  the  corrected  coefficient,  Ct  may  be  found 
the  crude  coefficient,  c$  by  the  formula, 

C  =  €  X  Cir/Sq. 

This  correction  will,  of  course,  diminish  the  crude  coefficients  to 
than  78  per  cent,  of  their  value  for  the  wetted  area,  and  alt  coefl 
cients  recorded  in  our  investigation  are  calculated  upon  this  basis 
in  squares.  In  practice,  however,  it  would  be  of  adv 
to  arrange  distributors,  not  along  two  axes  at  right  angles  to  1 
other,  so  that  each  is  at  the  centre  of  a  square,  but  on  three 
inclined  at  120*,  so  that  each  is  at  the  centre  of  a  hexagon.  With 
distributors  at  the  centres  of  squares,  the  waste  area,  with  no  overlap. 
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ping,  amounts  to  21.5  per  cent,  of  the  whole.  With  distributors  at  the 
centres  of  hexagons,  the  waste  area  amounts  to  only  9.9  per  cent.  The 
hexagonal  arrangement  makes  it  possible  to  put  343  sprinkler  heads  on 
an  acre  instead  of  303,  spaced  with  12  feet  between  centres,  and  to 
raise  a  rate  of  2,000,000  gallons  to  2,270,000  without  increasing  the 
discharge  upon  any  portion  of  the  wetted  area. 

IV.    Determination  of  Coefficients  for  Gravity  Distributors 

The  system  of  gravity  distribution  involves  the  discharge  of  the 
sewage  from,  openings  in  the  bottom  of  troughs  onto  concave  disks 
placed  below,  the  discharged  stream  having  sufficient  force  to  splash  up 
and  out  from  the  disks  in  a  fine  spray. 

The  splashing  disks  first  used  on  the  Technology  trickling  filter  in 
1905  were  of  metal,  3  inches  in  diameter,  and  with  a  concavity  cor- 
responding to  a  radius  of  curvature  of  6  inches.  These  were  at  first 
placed  only  5  feet  apart,  with  a  discharge  on  each  disk  of  less  than 
.9  gallon  per  minute.  This  discharge  proved  too  low  for  good  distri- 
bution, and  a  single  disk  was  substituted  for  four  on  each  100  square 
feet  in  area,  giving  10  feet  between  disks  and  a  discharge  on  each  of 
3.47  gallons  per  minute.  This  proved  far  more  satisfactory,  and  the 
experimental  filter  thus  equipped  gave  very  satisfactory  results  even 
through  the  severe  winter  of  1906-07.  The  performance  of  one  of 
these  disks  in  operation  is  shown  in  Figure  8. 

With  gravity  distributors  there  are  three  distinct  variable  factors, 
the  rate  of  discharge,  the  distance  between  the  trough  and  the  disk, 
and  the  distance  between  the  disk  and  the  filter  below.  In  our  experi- 
ments we  have  varied  all  three  independently.  For  rates  we  have  used 
the  three  standard  discharges  described  above,  corresponding,  respec- 
tivclv.  to  1  71.  4  08,  and  8.47  gallons  per  minute.  For  the  total  head 
Ivtwcen  the  I  tough  and  the  measuring  tank  (corresponding  to  the  filter 
suitace)  thteo  standard  heads  were  used,  2  feet,  4  feet,  and  6  feet;  and 
with  each  ot  these  total  heads  three  different  positions  of  the  disk  were 
tested  With  the  J  tvH>t  total  head  the  head-on-sprinkler  was  made 
o  inches,  \:  inches  and  iS  inches;  with  the  4- toot  total  head  the 
head-on  *ptmklci  \\a^  made  1.  _\  and  5  feet;  with  the  6-foot  total  head 
the  vli^k  was  placed  a:  1,  *  »„• .  and  4  feet 

lvalues  thc<c  time  \auable  factors  the  efficiency  x:  gravity  distri- 
bution dej  viul*  upon  the  design  ot   the  splashing  disks  themselves. 
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Twenty-three  types  of  disks  were  tested  in  our  experiments,  varying  in 
size  and  curvature,  in  the  hope  of  finding  some  more  favorable  design 
than  the  simple  concave  type  first  used.  Cross-sections  of  the  disks 
examined,  with  their  respective  dimensions,  are  shown  in  Figure  9. 

Xos.  1  to  4  were  wooden  disks  2  inches  in  diameter,  with  surfaces 
of  different  degrees  of  concavity  varying  from  a  radius  of  curvature  of 
4  inches  to  one  of  20  inches.  Nos.  5  to  10  were  disks  3  inches  in 
diameter,  Xos.  6  and  7  of  metal  and  the  rest  of  wood,  the  radii  of  curv- 
ature of  their  concave  surfaces  varying  from  2  to  20  inches.  Nos.  1 1, 
12.  ajid  16  were  larger,  very  shallow  wooden  disks.  Nos.  13,  14,  17, 
1*.  i:>d  19  were  wooden  disks  whose  upper  surfaces  were  concave  about 
a  ve:.:r^u  nti*ed  point,  rising  again  all  around  their  outer  edge.  We 
have  vz.'jc±  this  design  the  mushroom  disk.  No.  15  was  a  large,  deep 
rx-Vil         j  inches  in  diameter,  and  with  a  3-inch  radius  of  curvature. 

N  20,  21,  22,  and  23  were  large,  6-inch  wooden  disks  with 
r-uL  -  v:  .-rvivjre  varying  from  4  to  20  inches. 

M'-.-c  ca.h.  oi  these  twenty-three  disks  was  tested  under  twenty- 
*r>»rr:  >vx;/ijL-\i  *.'XKi:tsons  (three  subdivisions  of  each  of  three  total  heads 
i.*.  tfe-'w  "j.Vc>  .  making  over  six  hundred  tests  in  all,  it  has  not  seemed 
rAr<  y^V^yh  the  mass  of  figures  obtained  in  detail.  The  final 
.'.r"..".^:  .'.KrF'SxrM.  are  ^iven  in  Tables  IV.  V,  and  VI,  arranged  first 
u.wr:.:x  tv  t~c  r*te  •.»:  discharge  on  each  disk  and  then  according  to 

I:  -:.       :«;  ■.:  o.-urse.  that  the  .vrrected  oxrTicients  in 

- vj        _.r.:  >  :h  .:  :hr  extent  a~..i  the  evenness  of  the 
.1"  v  ~i.      >        .:  i.z:  i  >!v>  *.  :v«.:  .iced  ^x:  iistribction  within  a 
.  :  r.  :>.■■?  a-ja  -.va:>  so  ^rea:  as  to  be 

:  X-  .\^rr. .  .e ■■:>  :.t  sac'^  i:>ks  so  as  to 

:-rr.^  t-.Ci.  n:.  _  :.•  J.xx.xc  ^a"  ^  yer  a-.r-e  ycr  day.  the 
.'.rTrr'.fr'.  .verr:  .:e-.:>  ha.v  Xv::  j>:  ;t;^ I'\s  v.:^  .:■  r.e  :  ;r  the  three 
rnr-:>  .£     ^.  '-u"^  .-  x^x*\:.  .l^  A  .. -<h.irv;v    1  :  .* :  billons  per 

nrii:,.:*:  ...  :a.:  ^  .  . -.-..v  v  >  :■  :  4-v-  -  -      -  per  day 

•jkc  ::.-vw  .-.  j.  .'-v. •:  -.x  '.-.<»  .>  >.  N  -       v  .      vr  acre,  or 

a.k  v.r:  x-.  :  :  *+  .^x  -.v".  .  ;  .  "  x  "xrween 
>;.r.".-v.er>  :x  .         x  "  x    .-x     S      .        N.   *  . '^x  x'on  rate 

x\  ..x  ^T    -       v  .  -    v    .    .  ^       .    "    :N      ..-.re  feet. 

•;  *x  x :  •       -       >.  .  ^      ^    \.  '    .       • -gallon 

-•v.  .-a.  %  ■  !     x  ^       v  .  -    v  v.  with 

a   ii:>":a:;^    .  t      •.  :  •  w .    x .  »^v.      ^  ■     »  ^ ■         V        v.  "    .         n  cbtf 
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tables  have  therefore  been  corrected  by  referring  the  actual  discharges 
to  squares  respectively  7.35,  1 1.3,  and  16.3  feet  on  a  side. 

Taking  up  the  independent  variables  tested  in  their  order  it  is  at 
once  apparent  that  the  efficiency  of  gravity  distributors  is  markedly 
influenced  by  the  rate  of  discharge  on  each  disk,  and  that  about  4 
kms  a  minute  is  the  most  favorable  rate.  The  lower  rate,  17  galloi 
per  minute,  gave  very  poor  results  with  the  larger  disks,  the  liquid 
merely  dripping  over  the  edge.  With  the  smaller  disks  fairly  good 
results  were  obtained  within  a  radius  of  3  or  4  feet  of  the  disk,  although 
there  was  generally  an  excess  of  discharge  nearest  the  centre.  As 
the  distance  between  sprinklers  for  this  head  was  only  7.35  feet,  the 
1  rude  coefficients  of  .6  and  .7  were  not  so  greatly  reduced  as  in  other 
cases*  and  for  the  smallest  (2-incb)  disks  this  rate  is  better  than  cirher 
if  the  higher  ones*  Most  of  the  2*ineh  disks  gave  corrected  coeffi- 
cients of  over  ,4  even  with  the  6-foot  total  head,  and  coefficients  of 
over  .5  were  obtained  for  disks  4,  6,  and  io. 

The  intermediate  rate  of  4.08  gallons  per  disk  per  minute  did  not 
suit  the  small,  2-mch  disks  as  well  as  the  lower  rate,  but  with  larger 
daks  it  gave  better  results.  With  good  heads  the  liquid  was  well  dis- 
tributed, showing  neither  the  concentration  near  the  disk  obtained  with 
the  lowest  rate  nor  the  marked  outer  ring  characteristic  of  the  higher 
one.  Crude  1  ^efficients  of  over  .7  were  obtained  with  almost  all  the  disks 
by  using  a  6-foot  head,  and  the  better  ones  ranged  between  .8  and  .9. 
Furthermore,  the  wetted  area  was  proportionately  larger  than  with 
the  higher  or  the  lower  rate  of  discharge;  4.08  gallons  per  disk  per 
minute  calls  for  a  distance  of  it, 3  feet  between  sprinklers,  and  with 
high  heads  the  better  disks  wetted  circles  10  and  1 1  feet  in  diameter. 
The  corrected  coefficients  remained,  therefore,  relatively  high,  several  of 
the  disks  showing  values  over     and  one,  disk  No,  7,  over  .6. 

With  the  highest  rate  the  better  disks  covered  a  co-foot  circle,  but 
there  was  usually  a  ring  of  excessive  discharge  at  a  distance  of  3  or 
4  feet  from  the  centre  The  larger  disks,  at  high  heads,  gave  crude 
coefficients  of  between  ,7  and  .8,  wetting  a  circle  of  6  feet  radius. 
Corrected  for  a  16.3-foot  square  these  crude  coefficients  are  seriously 
reduced,  only  two  of  the  corrected  coefficients  in  Table  VI  being  over  .3. 

The  head  used  with  the  sprinkler  disks  was  a  most  important 
factor  in  controlling  their  efficiency.  The  2-foot  total  head  proved 
inadequate  in  most  cases.  Some  of  the  crude  coefficients  were  fairly 
(between  .6  and  8) ;  but  the  wetted  area  was  always  mud)  too 
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ing  an  excessive  rate  near  the  sprinkler,  and  the  corrected 
t*  wen:  almost  always  under  .1.  The  4-foot  total  head  showed 
better  results  and  the  6-foot  better  still,  the  improved  efficiency  bein 
directly  proportional  to  the  increase  in  head.  This  relation  is  indi 
cated  graphically  in  Figure  10  for  the  disks  of  2,  3,  and  6-inch 
diameters  at  the  best  rate  of  4,08  gallons  per  disk  per  minute.  The 
total  heads  arc  plotted  as  abscissa?  and  the  best  coefficients  at  the 
different  total  heads  as  ordinate*.  Each  curve  represents  the  results 
for  one  sprinkler  disk,  and  the  fifteen  curves  arc  arranged  in  three 
group*  according  to  their  diameters.  The  radius  of  curvature  of  cac 
disk  is  indicated  on  the  plot. 

With  regard  to  the  best  proportion  of  the  total  head  to  be  u. 
in  the  discharge  above  the  disk,  results  are  somewhat  more  variable 
Increasing  the  bead  on  the  disk  gives  an  enlargement  of  the  wcttc 
area,  but  it  apparently  brings  about  also  an  increased  tendency  to  con 
1  cut  rated  discharge  in  a  single  zone.  The  figures  for  the  intermedial 
rate  and  6-foot  total  head  at  the  bottom  of  Table  V  include  the  be* 
coefficients,  and  arc  fairly  typical  of  the  other  results.  They  show 
with  a  6-foot  total  head  a  head-on -sprinkler  of  2%  feet  is  most 
ic  for  the  shallower  sprinklers,  and  a  value  of  4  feet  is  better  for 
the  deeper  ones.  The  i-foot  head-on-sprinkler  is  always  inadequate  t 
secure  a  proper  splashing  discharge.  These  results  arc  indicated  with 
greater  clearness  in  Figure  it,  where  the  coefficients  for  the  best  rate 
(4J3&  gallons  per  minute)  and  best  total  head  (6  feet)  are  plotted  for 
the  three  values  of  head-on-sprinkler  which  were  tested.  The  curves 
on  the  diagram  otherwise  correspond  to  those  of  Figure  10.  The 
dimensions  of  each  disk  are  indicated  in  Figure  9, 

There  remains  still  to  be  considered  the  influence  of  the  shape  of 
the  splashing  disk  itself.    Two  general  patterns  were  studied  —  simple 
concave  plates  and  disks  of  the  M  mushroom  type*'  with  a  raised  cen- 
tral cooe  (Noa,  13,  14,  %ft  18,  and  19).    The  latter  show  coefficients 
intermediate  between  the  large  and  small  concave  disks*  better  than 
the  former  and  not  so  good  as  the  latter.    In  other  words,  the  slope 
one  side  of  the  central  boss  deflects  the  water  very  much  as 
simple  cup  of  similar  size  and  curvature  would  do.    The  discharge 
run  these  disks  was,  however,  unequal  along  different  radii!  since 
it  was  almost  impossible  to  make  the  stream  of  liquid  strike  the 
central  boss.    The  coefficients  are  therefore  higher  than  they  should 
be,  since  the  revolving  trough  caught  portions  of  unequal  discharges  in 
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different  cooes  along  the  various  radii.  There  seems  to  be  no  advantage 
in  the  use  of  disks  of  this  pattern. 

There  remain  the  simple  concave  plates,  varying  in  diameter  and  in 
radius  of  curvature.  For  diameter*  5  inches  is  clearly  the  most  favorable 
sue.  A  comparison  of  the  three  sets  of  curves  in  Figure  10  shows  that 
the  3-inch  disks  <Nos.  5,  6,  7,  8,  9.  and  10)  are  better  than  the  2-inch 
dbks  (No*.  I,  2,  3,  and  4),  and  far  superior  to  the  larger  ones  (Nos. 
jo,  3tf  229  and  a 3),  These  figures,  it  must  be  remembered,  relate  to 
the  4.o&-gaJion  discharge.  At  the  lower  rate  (1.71  gallons  per  disk  per 
minute)  the  2-inch  disks  give  higher  coefficients  than  the  3»inch  ones. 
This  might  be  expected,  since  poor  distribution  with  large  disks  arises 
from  the  fact  that  the  liquid  has  not  force  enough  to  splash  freely  off, 
but  pools  and  drips  over  the  edge.  The  smallest  disks  are  therefore 
best  suited  to  low  discharges,  but  the  3-inch  disks  and  4  08-gallon  rate 
form  the  best  combination. 

The  effect  of  varying  radius  of  curvature  is  well  shown  in  Figure  10 
for  the  4.08-gaHon  rate ;  and  the  constancy  of  the  relation  is  indicated 
by  the  comparison  made  m  Table  VII. 


TABLE  VII—  Oftnck  or  Diana  According  to  Their  Co*rrtciixTi 
(Bwt  Disk  First) 


Radii 

JUdii 

4     ft  13  31 
4   3D     •  tl 

t  •  n  is 

3  4   4   11    4   H  SO 

4  11     |   13   30  10 

1  4  «  e  w  20 

JO   13     0  4 
30  13     0  4 
A   11  30  4 

€M 

1  •  u  » 
4  •  «  » 

4    1  30  11 

I  4  4  11    «  10  10 
3   4   4     0   13   3D  30 
3   4     |   11  3D  30 

ft  30  tl  4 
H    13    3M  4 
U     4    3ft  4 

4    1  11  S 

1  •  u  m 
4  •  w  m 

3  4  4    C  13  30  3D 
14  4    6   I!  30  3D 
4  3     0   30  3D  13 

•     4   ■  30 
«    13   30  4 
0    B  30  4 

FJficicncy  evidently  increases  with  the  increasing  concavity  of  the 
dufcSw    Disks  Nos.  12  and  l6v  with  very  Hat  surfaces,  gave  such  poor 
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results  that  they  have  not  been  plotted  The  improvement  with 
increase  in  curvature  is  most  marked  with  the  disks  of  small  diameter, 
and  with  the  6-inch  disks  the  12-inch  radius  of  curvature  is  the 
maximum,  the  4-inch  radius  giving  very  poor  results.  This  is  brought 
out  more  clearly  in  Figure  1 2,  where  the  coefficients  at  the  4-foot  head 
are  plotted  against  the  actual  depth  of  the  disks  of  various  diameters. 
An  increase  in  concavity  increases  the  efficiency  of  the  disk  by  breaking 
the  liquid  up  more  completely  and  sending  it  higher  into  the  air.  The 
accompanying  increase  of  disk  surface  over  which  the  liquid  must  travel 
tends,  however,  to  decrease  the  efficiency  of  distribution,  probably  by 
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Fig.  12.— Relation  between  Depths  and  Coefficients  for  Disks 
of  Different  Diameters 
Rate  =  4.08  gallons  per  minute.    Total  head  =  4  feet.    Best  head-on -sprinkler  in  each  case 

the  greater  friction  involved.  With  small  disks  this  is  not  serious,  but 
as  the  surface  is  increased  this  factor  limits  the  possible  increase  in 
concavity.  Disk  No.  1 5,  with  a  diameter  of  5  inches  and  a  radius  of 
curvature  of  3  inches,  represents  an  extreme  condition  in  which  the 
liquid  did  not  splash  at  all,  but  eddied  about  in  the  deep  cup  and  merely 
d ripped  over  the  edge. 

The  only  other  point  noted  was  the  effect  of  the  composition  of  the 
disks.  Xos.  6,  7,  and  15  were  of  metal,  spun  out  of  No.  18  sheet 
copper.  All  the  others  were  of  white  pine,  turned  and  carefully 
smoothed  on  the  lathe,  and  varnished.  No.  15,  as  noted  above,  was  of 
very  poor  shape,  but  Nos.  6  and  7  gave  the  best  results  obtained  in  the 
whole  series.  No.  7  had  a  2-inch  radius  of  curvature,  and  should 
therefore  have  given  better  results  than  the  others,  which  were  of  less 
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No.  6,  however,  was  of  the  same  size  and  shape  as  No.  ro 
y.  Its  coefficients  were  distinctly  better  under  the  most  favor- 
able bate*  Thus  at  the  408-galIon  rate,  with  a  6-foot  total  head  and 
2.5-foot  head-on-sprinkler.  No.  6  gave  .49  against  42  for  No.  10;  with 
4-foot  head-on-sprinkler  it  gave  .56  against  .44* 

In  general,  it  appears  from  this  portion  of  the  investigation  that 
the  best  results  with  gravity  distribution  can  be  obtained  under  the 
following  conditions : 

1.  The  discharge  on  each  sprinkler  should  be  in  the  neighborhood 
of  4  gallons  per  minute;  this  means,  for  a  2,000,  ooo-gallon  rate,  340 
sprinklers  per  acre,  with  a  distance  between  the  sprinklers  of  about 
II  feet. 

2.  The  bead  between  the  distributing  trough  and  the  filter  should 
be  as  great  as  possible ;  2  feet  is  inadequate,  4  feet  gives  fair  results* 
and  6  feet  is  better.  Where  exceptional  conditions  make  still  high 
beads  possible,  the  use  of  large,  deep  disks  might  prove  of  advantage. 

3.  The  head  on  the  sprinkler  should  be  from  2  to  4  feet.  The  best 
subdivision  of  available  total  head  can  probably  best  be  determined  by 
experiments  with  the  disks  to  be  used  in  each  individual  case. 

4.  A  simple  concave  disk  of  metal  seems  to  promise  the  be 
efficiency. 

5.  The  best  diameter  for  the  disks  appears  to  be  3  inches.  For 
low  rales  of  discharge  smaller  disks  are  better,  and  for  very  high  rates 
or  very  high  heads  larger  ones  may  be  more  suitable. 

6.  Unless  the  disk  be  too  large  it  is  of  advantage  to  increase  its 
concavity  as  much  as  possible.  Of  3-inch  disks,  that  having  a  curva 
cm  responding  to  a  ndius  of  2  inches  proved  most  satisfactory, 
radius  of  curvature  might  profitably  be  increased  toward  the  limiting 
value  of  t  %  inches,  which  would  make  the  disk  a  hemisphere.  With 
hurger  disks  larger  radii  of  curvature  are  necessary. 

Of  all  the  disks  studied,  the  best  was  No.  7,  a  metal  cup,  3  t 
in  diameter,  with  a  radius  of  curvature  of  2  inches.  With  a 
head  of  4  feci  and  a  hcad-on-sprinklcr  of  3  feet,  it  gave  a  coefficient 
of  ,40,  the  best  obtained  with  that  total  head  ;  and  with  a  Mtal  head  of 
6  fact  and  a  head-on-sprinkler  of  4  feet,  it  gave  the  highest 
obtained  for  any  gravity  distributor,  namely,  .62. 
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t  h»  MMt  iii  ill  hpiayiii^  sewage  upward  from  fixed  sprinkler  nozzles 
pu'-ihuin  vvua  ili'VflojM-d  more  or  less  independently  at  various 
\\\m\\*%  \\\  Inland.    At  Salford  it  was  worked  out  after  the  failure 
<\t  \  olhei  methods,  in  whic  h  the  sewage  overflowed  from  troughs, 

^  wa*  n^iwuI  \\\  a  thin  layer  of  sand  covering 'the  filter  proper.  In 
,:w  caihei  c\|vitmcuts  with  fixed  nozzles,  a  disk-like  cap  was  placed 
ak*\c  v\uh  in  order  to  break  the  sewage  into  a  fine  spray. 
\  X  \  \\w  attempt  was  nude  to  hreak  up  the  stream  by  the  impact 
*\iu\\'i»;hw;  clow*;  and  finally  a  nozzle  was  designed  which 
, ..v»"^.seNl  the  v'wa^e  ti\«n\  a  series  of  openings  arranged  spirally 
a\\  ,  «.  N\  v,.e     \w  lVih\^hu\\  Kuwisc  describes  as  common  the  use 
\ns    .%  vmivs  \\\ih  metal  disks  placed  over  the  outlet  to 

v  a  vw!\  »»*.\N  'aWo  the  cat  Host  Saltord  type).    At  Bimiing- 
v.     *  \-.        •  »w».  a?e  v.so\L  in  which  the  sewage  passes  up 

^  ^    »s  v^v.  .v*         evv.^;  a:v*  is  bsokert  v.?  and  thrown  ou:- 

,    *»  *    v  ;s  .v  :v,,o"  o:  a  «v:a'.  y\:.£  raised  a.  little  ibuve  it. 
\  s         N  ,;vx  x  v.'v'v  "'^  "       .::>:-:>ctn.r.  ^re  rr-iie 

..x  v  -  ■     s^;4  n\     N  v  *    ,v  n    \.;  .  .i:  :v.  .  :e  5c~wic~ 

..x     v  v  xxV  %    .    ■»  ,  ;%  %      n    v.  «■   %.  ..  v**»  :.~  .l^o^  :c  if 

.  .  *     'v         %               *v  s  k-.-.  X     ,\              v.  j.*:r  c<:. 

x»      ...             'x           .    ■  :  ^:rr:iLL  n 

,  .         .  n  .  'v  \  .>  :^-s.— '.t* z  r-- 

*v    ■.     .     »  •  .  *    >        v.Ni  ;t.- 

,  .  .  .  .  •     ■  -  .    - --^:>,  -.TV'  -1 


Studies  ef  Distributors  far  Trickling  Fitters 


3 


that  m  single  opening  with  a  cone  above  for  distribution,  supported  at 
the  sides  as  hi  the  Columbus  nozzle,  proved  unsatisfactory.  The  side 
supports  broke  the  sheet  badly,  especially  after  the  development  upon 
them  of  a  fungous  growth.  Furthermore,  he  points  out  that  the 
m  uniformity  of  distribution  obtained  by  means  of  a  single  cone  acting 
under  m  head  of  5  feet  was  not  satisfactory.  Although  the  efficiency  as 
marked  by  the  area  wetted  was  approximately  75  per  cent,  a  certain 
outer  tone  invariably  received  sewage  at  a  higher  rate  than  the  inner 
area.  To  lessen  this  defect,  and  to  secure  a  greater  percentage  of 
wetted  area  and  a  more  uniform  distribution  of  the  sewage,  the  idea 
occurred  lo  the  writer  of  placing  a  lower  and  secondary  cone  over  the 
orifice;  with  the  object  of  intercepting  a  portion  of  the  sewage  and 
distributing  it  over  the  inner  fifth  of  the  circular  area  within  the  range 
of  the  nozzle.  The  result  was  effected  by  boring  a  hole  through  the 
Vtwer  cone  slightly  less  in  diameter  than  the  fixed  orifice  in  the  nozzle, 
the  diameter  of  the  opening  in  the  cone  being  so  proportioned  to  the 
diameter  of  the  nozzle  orifice  that  four-fifths  of  the  rising  stream  passes 
through  the  lower  cone  to  be  diffused  by  the  upper,  and  the  remaining 
fifth  is  sheared  off  by  the  lower  cone  and  sprinkled  over  the  central 
aresk*** 

It  b  evidently  desirable  to  have  an  accurate  measure  of  the  com- 
parative performance  of  these  sprinkler  nozzles  and  of  the  still  better 
designs  which  the  future  will  probably  develop.  Mr  Gregory,  in 
describing  the  Columbus  experiments,  was  content  to  say  that  the 
nozzle  used  wetted  77  per  cent,  of  the  tributary  area  "in  a  perfectly 
satisfactory  manner/'  Mr.  Taylor  noted,  but  did  not  measure,  serious 
inequalities  of  distribution  within  the  wetted  area.  We  were  therefore 
particularly  glad  to  apply  our  method  of  measuring  efficiency  lo  the 
most  promising  of  these  pressure  nozzles,  and  the  results  have  proved 
significant.  Through  the  kindness  of  Mr  G.  G  Whipple,  of  Xcw  York, 
we  have  been  furnished  with  two  of  the  nozzles  used  at  Salford  anil 
with  the  Birmingham  type.  To  Mr.  Gregory  we  owe  the  Columbus 
sprinkler,  and  Mr.  Taylor  has  courteously  given  us  drawings  of  the 
Walerbttry  design.  The  tests  of  these  five  types  may  best  be  discussed 
one  by  one,  and  reviewed  in  comparison  with  each  other  later. 

The  Salfoid  nozzle  (old  style)  is  a  brass  nozzle  in  the  form  of  a 
cup>  with  two  openings  in  the  sides  at  such  an  angle  that  the  streams 
discharged  upward  from  them  meet  111  the  Clip  Itself,  Its  CJUHStf UCtfop 
is  shown  in  Figure  13, 
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This  nozzle  differed  from  all  others  tested  in  the  fact  that  it  did 
not  discharge  equally  along  different  radii.  It  threw  the  liquid  up  in 
a  fan-shaped  spray,  in  quite  a  narrow  plane,  as  indicated  in  Figure  14. 
Our  ordinary  method  of  rating  efficiency,  which  assumes  symmetrical 
distribution  about  the  centre,  was  of  course  inapplicable  under  such 
circumstances.  Instead,  therefore,  of  revolving  the  measuring  tank 
about  this  sprinkler,  we  measured  the  discharge  at  six  different  station- 


•    -     ^  ■      -     ■  ;^.\c  fur 


Studits  of  Distributors  for  Trickling*  Filters  359 

product  til  the  crude  coefficient  and  the  radial  coefficient  measures 
the  evenness  of  distribution  within  the  wetted  area. 

When  this  sprinkler  nozzle  was  tested  under  a  head  of  6.4  feet, 
■not her  anomaly  appeared  in  connection  with  the  determination  of  the 
cm  retted  coefficient  The  area  wetted  was  larger  than  the  square 
which  would  be  tributary  to  each  sprinkler  at  a  2»ooo,ooo-gallon  rate. 


Fia.  14*— Vttw  or  Salimid  Old  Stylk  Notzlb  ix  OrtivnoN 

of  course,  that  at  this  head  and  rate  the  circles  would 
overlap.  The  following  method  of  calculation  was  applied  in  this 
cue  and  in  others  of  the  same  kind. 

The  effect  of  overlapping  circles  of  spray  is  exactly  the  same  as 
it  would  be  if  each  portion  of  the  spray  pas*tng  the  iMiundary  of  the 
tributary  square  were  perfectly  reflected  at  the  side  of  that  square 
and  returned  to  a  corresponding  point  within.  It  is  necessary,  there* 
lore,  In  calculate  how  much  of  the  discharge  into  the  outer  rings 
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of  each  of  the  overlapping  rings  falls  without  the  square.  Given  the 
dimensions  of  the  square  and  of  each  ring,  this  is  a  simple  problem 
in  trigonometry,  the  solution  of  which  gives, 


P 
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in  which  S  is  the  side  of  the  square  and  P  the  percentage  of  the  total 
discharge  into  any  overlapping  ring  of  diameter  D,  which  would  be 
Tt-rivVted  to  an  inner  ring.  Having  subtracted  from  all  the  rings  the 
an>x:nt$  which  would  be  reflected,  it  is  next  necessary  to  distribute  these 
au»v^:$  among  the  inner  rings  where  they  properly  belong.  The 
raatbsrcKatical  solution  of  this  problem  gave  a  result  too  cumbrous  to 
.:>c  A  graphical  representation  of  the  conditions  drawn  on  plotting 
-.\ii<-r.  however,  indicated  readily  and  with  sufficient  accuracy  the 
jjro_is:>  .%>r  the  reflected  discharge  which  would  fall  into  each  of 
tic  s?r*:T  nrus  affected,  and  the  reflected  water  was  then  redistnb- 
_t  :\L  TS^sc  :*rw  values  were  then  recalculated  like  the  others  and 
1  o.c??-.^^:  jocjll^vxL  which  referred,  not  to  a  circle,  but  to  the  area 
.•.irrrrx-c  t*  :b*r  ,rjL\imum  circle  and  the  intersecting  square.  The  rela- 
:  r.f:  x-r*cw:  this  xreu  and  that  of  the  square  furnished  the  required 
-jj.:.f        :x  .^"...i^txi!  o:  :he  corrected  o^err.cient  from  the  erode. 

^  r  t'rx  :r>:>      the  Sd.!:oai  old  style  rtoj.:!e  are  shown  in 
'  1"      V'x-  hsr-i-.'.  -j?.  :hi>  „i:vi  sv.-aw.::^^:  tables*  is  the 

;!if       1. v  .  x:-^^.  :x  >..:r:.uv  ^:  :he  "•«.:.: ic  ir.  the  supply  V-x 

u.*:  "  x-    .1    .1  " x  "x.l>.  he j.o.- :■**->;: r * <!e r  L>  the  eifrer- 

:'.«.-   j        •;■   X"  ".x  ^  :  x  "■•.:.•«.*         :>_e  -xvzie  rcsti 

"  :    ^--.t.  ■  ...  "X     •  ■     »-     ■■.<>     ■iL■.<,^^,      >              ..^  V*  >o:  t  .*  the  tOC 
"  X    "  ..  -V 

.T.i.     .  .  ■-■        ^   .«...:   :.      :  .  \^    ■         >  !..^:  ;i.t  m  the 

.'.■ti.iii!!  '  'x  -■'■^.i.   y.   v.  1  .1  x.-i--  .  — .  ■  ■   x  L  _\  *  was 

^  x  ■.  - .    >.  ■  .  v-'  . ■    i  .'             ' ",  ^  .i.jcur^ncv  iue 

■•.  _.x  ^      x     *  .    .■  ■    . ■  v            ■  '  -     ^  \  .  *\  ^locsie 
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Flu*  iv— View  or  Saleueu  New  Style  Nozzlb  is  Okbr4Ti<jk 


It  it  evident  from  the  column  of  crude  coefficients  that  this  nozzle 
secure*  a  fairly  even  distribution  within  the  wetted  sector,  improving 
with  the  head  to  a  very  high  value.  There  U  an  area  of  excessive 
discharge  near  the  outer  limit  of  the  wetted  sector,  but  the  excess  is 
not  great.  The  inequality  of  distribution  along  different  radii  is  much 
more  serious.  Nearly  half  the  liquid  is  discharged  in  excess  on  one  of 
the  six  30*  sectors,  and  this  weakness  causes  the  products  and  corrected 
coefficient*  to  be  poor. 

The  Solford  new  style  sprinkler  tested  is  a  double  cone,  the  miter 
one  being  open  at  the  top.    The  liquid  enters  the  spare  between  the 
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cones  through  six  holes  of  -fe  inch  diameter,  inclined  at  an  angle  to 
the  major  axis,  so  that  a  spiral  motion  is  produced  within  the  inner 
cone.  This  sprinkler  is  shown  in  Figure  1 3,  and  its  general  method  of 
operation  is  indicated  by  the  photograph  reproduced  in  Figure  15. 

With  this,  as  with  the  other  pressure  nozzles,  distribution  along 
different  radii  was  approximately  equal,  and  tests  were  made  in  the 
manner  described  in  Section  II  by  revolving  the  measuring  tank  about 
the  distributor.  Duplicate  determinations  were  made  at  each  of  the 
three  heads  tested,  and  the  results  are  shown  in  Table  IX.  As  in 
the  case  of  the  old  Salford  nozzle,  at  high  heads  a  wetted  area  was 
obtained  extending  beyond  the  sides  of  the  calculated  tributary  square, 
and  the  factor  was  therefore  corrected  by  the  method  described  above 
(page  359)-  The  crude  coefficients  refer  in  all  cases  to  the  actual 
wetted  circles. 


T ABLi;  IX  —  Coefficients  for  Salford  New  Style  Pressure  Distributor 
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'S;  :e>_.t>  the>e  tests  loicate  that  the  new  Salford  sprinkler 
^r.v>  vvrv  ^.*-d  resv.'ts  at  the  higher  heads.    The  tests  themselves 

*  xr:  v.v.v>.<"-e  .:.:..Ou.r-.;e  :i\  the  oo.ter  tvart  ot  the  wetted  area*  but 
the  excess  :s.  >t?jJ\  >--,-*-ts  ::--de  o.v-rr.cier.ts  ot  .0  and  .7  at  j.S-toot 
and  6.  *-i'.vt  h^ads.  A:  the  5  5-r  vt  head,  ho^e^er.  the  wetted  area  (a 
circle  'A  5  :eet  -ad*..>  •>  xiim'.!  yrvi.vrtx*r»  to  the  rate.  The  cor- 
rected OA.'tfx'e-.t  s  :\>:f  ie  iwr,  wh.'e  :^a:  /ceased  at  the  o.i-twt 
head,  with  oiih.  ^:e^'":'1  :a".v  .ev   v  ;:-A  .:  4  :^et.  remains  in 

the  nei.^hiX'frKvd  - 

IV.  3ini:.r.b\v:ri  Y^-  \*  'r^.  -j  .  x.  .>o^:.^es  through 

a  <-:;.'. h  .<ix:'A.^.  !h.  .^,!  .  ^  -  ..v-:,--^  v. -cs. ^  ,  ,  ,  ::  oh  ^ank.  the 
:«'.a.-^cd    -hl^'  -    ••  \v  ^    \-,.;.v^    .•  :hv    i^-ix:;^  ring  of 
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tfats  case  the  discharge  through  the  opening  was  so  small  and  the 
tobuum  ftu  good  that  a  circle  larger  than  the  proper  tributary  sq 


wetted  in  every  teat  except  those  nude  at  the  2.j-foot  head, 
are  therefore  corrected,  as  in  the  cases  above. 
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TABLE  X  —  Coefficients  for  Birmingham  Pressure  Distributor 


Total  head. 
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These  figures  are  of  the  greatest  interest  as  showing  what  results 
may  be  obtained  with  a  nozzle  of  small  bore  so  arranged  as  to  break 
up  :he  stream  quickly  and  completely.  With  a  low  rate  of  discharge, 
due,  >f  c«»urse,  to  the  obstructive  construction  of  the  orifice,  a  relatively 
large  circle  was  covered  (of  2.5  feet  radius  at  the  2-foot  head,  4  feet 
radius  at  the  4.1 -foot  head,  and  5  feet  radius  at  the  5. 8-foot  head);  and 
within  this  circle  the  distribution  was  remarkably  even.  With  this 
nozzle  the  4-tuot  head  proved  better  than  the  higher  one,  since  at  the 
}.$-ii«jt  head  a  more  definite  ring  of  excessive  discharge  was  formed. 
L"  rider  the  best  conditions  this  nozzle  gave  corrected  coefficients  of 
.7  -.-j  .>.  I:  is  clear  that  the  Birmingham  nozzle  effects  a  far  more 
rert  :-.:  distribution  than  any  other  device  we  have  examined. 

The  C  >iumbus  nozzle  is  designed  on  a  plan  exactly  opposite  to  that 
...r  -.he  Birmingham  sprinkler,  in  so  far  as  it  aims  to  enlarge  the  ori- 
vtuch  as  possible.    The  Columbus  design  has  been 

Figure  1 7  illustrates 
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The  Columbus  sprinkler  shows  at  all  heads  a  fair  distribution  within 
the  wetted  area,  its  departure  from  the  ideal  condition  being  due  to  the 
formation  of  a  zone  of  excessive  discharge  a  little  inside  the  periphery 
of  the  wetted  area.  Crude  coefficients,  however,  are  always  about  .6, 
and  one  notable  thing  about  this  nozzle  is  the  fact  that  it  gives  fairly 
even  distribution  even  at  the  2-foot  head.  The  wetted  area  is,  however, 
small  in  proportion  to  the  discharge,  and  therefore  the  corrected  coeffi- 
cients are  poor.  Thus  at  the  4.3-foot  head,  for  example,  the  rate  of 
discharge  of  the  nozzle  was  10.9  gallons  per  minute.  This  discharge, 
if  the  total  rate  on  the  filter  be  2,ooo,poo  gallons  per  acre,  calls  for 
121  sprinklers  per  acre,  which  means  a  distance  of  19  feet  between 
sprinklers.  The  wetted  circle  at  this  head  was  only  6  feet  in  radius, 
so  that  at  an  ostensible  2,000,000-gallon  rate  half  the  -filter  area  would 
be  working  at  4,000,000  gallons  and  the  rest  would  be  idle.  It  is  no 
doubt  for  this  reason  that  the  Columbus  engineers  plan  to  operate  at 
a  4,000,000-gallon  rate  for  half  the  time,  and  to  rest  the  whole  filter 
the  remainder  of  the  time,  spacing  their  nozzles  16.2  feet  apart.  This 
would  of  course  give  a  distribution  more  nearly  approaching  our  crude 
coefficients,  though  the  results  at  best  would  be  below  .6. 

The  Waterbury  nozzle  used  in  these  experiments  was  of  the  type 
described  on  a  preceding  page  (356),  in  the  citation  from  Mr.  Taylor's 
pajx*r.  Its  construction  is  indicated  in  Figure  13.  Briefly  the  nozzle 
consists  of  two  cones,  one  above  the  other,  the  lower  one  perforated 
at  its  centre.  An  annular  discharge  is  in  part  deflected  outward  by 
the  lower  cone,  while  its  inner  portion  passes  through  the  lower  cone 
and  is  deflected  by  the  upper  one.  As  shown  in  Figure  18,  the 
result  is  to  produce  two  concentric  cones  of  spray  and  thus  improve 
the  distribution  obtained  with  a  nozzle  of  the  Columbus  type.  In  the 
sprinkler  tested  by  us,  the  position  of  each  cone  in  relation  to  the  point 
at  which  the  liquid  leaves  the  pipe  below  could  be  varied  by  means  of  set 
screws,  and  a  number  of  different  settings  of  these  cones  were  exam- 
ined. The  dUt.incc  Ivtween  the  lower  opening  and  the  lower  surface 
of  the  lower  cone  at  its  outer  rim  is  cIeN:.;:\i:ccl  by  the  letter  <*;  the 
distance  between  the  upper  su::".ice  of  the  I-nvcr  e.»r.e  and  the  lower 
surface  of  the  uoivr  co  x-  ec^'Mted  bv  the  '.-::cr  r.  Reference  to 
Figure  15  wi'l  nui^e  the  >,c;v-;,;c.i!uv  of  thc^c        ;:•.<:. clear. 
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TABLE  XII  —  Coefficients  for  Waterbury  Pressure  Distributors 
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The  results  of  the  tests  on  the  Waterbury  sprinkler  are  indicated  in 
Table  XII.  It  will  lx;  noticed  that  the  rates  varied  somewhat  under 
the:  same  conditions.  This  was  no  doubt  due  to  the  tendency  of  this 
sprinkler  to  clog.  Our  tests  were  all  made  with  water,  but  the  tanks 
through  which  it  was  pumped  were  not  perfectly  clean  and  at  times 
( ontributed  their  quota  of  suspended  solids  (old  sewage  sludge).  These 
inequalities  did  not,  however,  seriously  affect  the  coefficients,  which  are 
fairly  uniform.  It  apj>ears  from  this  table  that  the  relative  position  of 
the  ( ones  d<*is  not  greatly  modify  the  efficiency  of  distribution,  although 
there  is  a  slight  but  distinct  improvement  in  coefficients  with  an 
in<  rease  in  the  value  of  b.  That  is,  an  increase  in  the  distance 
between  the  upper  and  lower  cone  improves  distribution  by  throwing 
the  outer  cone  of  liquid  further  out  and  separating  it  more  distinctly 
from  the  inner  one. 

In  all  cases,  however,  there  is  more  or  less  fusion  of  the  two  cones 
of  sprav,  and  our  tests  showed  a  single  ::one  of  excessive  discharge,  not 
near  the  periphery  of  the  wetted  area,  as  with  the  G>lumbus  nozzle,  but 
about  a  third  or  a  halt  of  the  way  out  from  the  centre  of  the  wetted 
circle.  The  crude  coefficients  at  4.5-t"^*  and  ("\4-f««e.t  heads  were  a 
little  higher  than  those  obtained  with  the  Columbus  no//Io,  averaging 
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a  httlc  fiver  j6  for  the  lower  and  about  .7  for  the  higher  head.  The 
netted  ansa  with  this  nozzle  is,  however,  small  for  its  high  rate  of 
discharge.  The  largest  circles  wetted  were  1 1  feet  in  diameter,  and 
thif  was  at  rates  of  about  to  gallons  per  minute,  corresponding  to 
distance*  of  18  feet  between  sprinklers.  The  corrected  coefficients 
ate  therefore  low,  the  best  of  them  being  barely  over  .2. 

Mr.  Taylor  has  worked  out  certain  modifications  of  his  sprinkler 
which  have  not  been  examined  in  the  present  investigation,  but  which 
well  deserve  a  careful  study.  Two  of  these  are  described  in  the  paper 
previously  cited  {Engineering  Record*  55,  10)  and  more  fully  in  a  some- 
what later  one  (Engineering  News,  57,  238).  One  consists  of  a  six* 
almnl  revolving  cone  supported  directly  over  a  single  orifice,  through 
which  the  sewage  rises.  The  six  blades,  shaped  like  air  blowers,  are 
rotated  by  the  force  of  the  liquid  striking  them,  and  their  curvature 
gives  the  drops  of  sewage,  leaving  them  a  widely  varying  angle  of 
elevation.  A  still  more  interesting  nozzle  has  a  cone  similar  to  that 
tested  in  our, experiments,  bat  with  a  vertical  cut  in  each  quadrant  of 
the  cone.  The  upper  surface  of  the  conical  piece  has  almost  the  shape 
of  a  four-leaf  clover,  though  not  cut  in  so  deeply,  and  the  sewage  is 
discharged  from  the  outer  rounded  corners  at  a  more  oblique  angle 
than  from  the  incised  areas  between.  It  is  hoped  that  by  the  proper 
construction  of  a  cone  of  this  type  "the  sewage  film  when  leaving 
shall  have  such  varying  angles  of  elevation  that  it  shall,  upon  diffusion, 
throw  the  proper  proportion  of  drops  the  distance  required  to  cover  the 
side  of  the  square,  while  midway  between  these  points  on  the  diagonal 
hues,  the  drops  will,  by  reason  of  their  greater  angle  of  elevation,  be 
thrown  with  the  tendency  to  fill  the  corners  of  the  square/' 


VI*   Tna  Efficiency  ok  Pressure  Distkiuutoks  with  Varying 

Heads 

With  a  sprinkler  which,  like  many  pressure  nozzles,  discharges  in 
a  conical  sheet  and  forms  an  excessive  discharge  on  a  peripheral  zone, 
it  would  seem  to  be  of  advantage  to  vary  the  head-on-sprinkler  in  such 
a  way  as  to  cause  the  zone  of  excessive  discharge  to  travel  in  and  out 
over  the  wetted  area.  This  may  easily  be  done  by  the  interposition  of 
siphon  tanks  in  the  supply  system,  and  such  is  the  practice  at  many 
of  the  tengHsh  plants,  notably  in  Derbyshire  (tiarwise,  *  Purification  nf 
Sewage,'*  London,  1904)-    The  Hoard  of  Advisory  Knginecrs  to  the 
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TABLE  XIII— Coefficient*  for  Columbus  DimtmutoK  with  Varying  Hkau 
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It  was  expected,  a  priori,  that  a  varying  bead  would  give  more  even 
distribution  within  the  wetted  area;  and  to  the  eye  the  waxing  and 
waning  cone  of  spray  looks  well-nigh  perfect.  Nothing  could  better 
illustrate  the  importance  of  the  rigorous  method  of  measurement 
adopted  in  these  experiments.  The  crude  coefficients  in  Tabic  XIII 
are  distinctly  poorer  with  varying  than  with  constant  heads.  An 
inspection  of  the  original  measurements  shows  the  presence  of  a  well* 
marked  zone  of  excessive  discharge  just  as  in  the  case  of  the  constant 
head,  only  not  so  far  out  from  the  centre  of  the  wetted  area.  A  large 
excess  of  the  liquid  was  found  in  the  compartments  2  and  2%  feet  out 
from  the  nozzle.  The  smaller  radial  distance  of  this  maximum  zo 
accounts  for  its  greater  effect  in  reducing  the  coefficient. 

On  the  other  hand,  the  corrected  coefficients  were  much  improved 
by  the  intermittent  operation  The  wetted  area  was  as  great  as  in  the 
tests  at  a  constant  bead  of  4  feet  and  the  discharge  was  much  less. 
The  average  rate  was  as  low  as  4  gallons  per  minute  per  sprinkler. 
Therefore,  for  a  total  rate  of  2*000*000  gallons  per  acre  the  nnut 
rook!  be  placed  much  closer  than  at  a  4-foot  constant  head  (11  fe 
instead  of  19^  and  the  wetted  area  made  to  approximate  more  nearly 
to  the  tributary  squares.  Thus  the  corrected  coefficients  for  a  head 
*  g  from  4  feet  down  range  from  .3  to  4  against  a  little  over  .2  for 
constant  head  of  4.3  feet. 
With  regard  to  the  best  construction  for  a  siphon  tank,  Table  XIII 
brings  out  several  suggestive  points.    Taking  the  maximum  heads  of 


4  feet,  it  is  app  hat  ibe  evenness  of  distribution  within  the  wetted 
area  is  better  when  the  tank  is  not  too  long  in  emptying,  since  the 
crude  coefficients  are  better  with  a  minimum  head  of  j  feet  and  over 
than  with  lesser  ones.  As  the  minimum  head  is  increased,  the  cor- 
rected coefficient  rises  still  more  rapidly,  increasing  progressively  from 
.30  to  .43.  This  is  because  the  wetted  area  at  3.2  feet  and  3,5  feet 
minimum  heads  was  somewhat  tarter  than  with  a  lower  minimum, 
whQe  the  evenness  of  distribution  was  as  good  as  at  a  3-foot  minimum 
head.  Evidently  the  best  siphon  tank  is  one  with  a  short  range  of 
level  which  will  discharge  a  small  volume  of  sewage  at  frequent  inter- 
vals. In  our  tests  the  best  arrangement  was  such  that  the  tank  filled 
and  emptied  in  about  one  minute,  the  change  of  head  being  from  4  feet 
to  3.5  feet.  The  decreased  maximum  head  in  the  last  two  lines  of  the 
table  shows  an  injurious  effect  on  both  crude  and  corrected  ratm. 

The  siphon  tank  used  in  these  experiments  was  a  simple  box  of 
Square  section,  but  Mr,  Taylor  { Engineering  Remrdm  55,  to)  has  sug- 
gested a  design  which  promises  better  results*  He  points  out  that 
on  theoretical  grounds  a  nozzle  acting  under  a  straight-line  variation 
of  head  from  maximum  to  minimum,  such  as  that  produced  by  the 
discharge  of  an  ordinary  tank  under  siphon  Action,  ^ould  not 
perfect  results.  To  produce  ideal  distribution  the  head  upon 
should  vary  less  rapidly  near  the  maximum  point  than  near  the 
inium.  He  found  that  the  rate  of  the  desirable  variation  was  repre- 
sented by  a  parabolic  line, 

VII.   Comparative  Efficiency  of  Distributors  of  Various 

Tvpes 

The  optimum  conditions  for  distributors  of  various  types  have  been 
somewhat  fully  discussed,  but  a  brief  comparative  summary  of  their 
performance  may  be  of  interest  in  closing.  We  have  therefore  sum- 
marized the  results  under  optimum  conditions  (4-foot  total  head  for 
Birmingham,  6-foot  for  the  others)  in  Table  XIV, 
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TABLE  XIV — CtlKFASATTVK  KmCtKXCY  OF  DimiBtTTOM  OF  VARIOUS  TYPES 
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The  American  pressure  nozzles,  judged  on  the  basis  of  these 
show  a  low  efficiency  in  distribution*  They  cover  the 
fairly  well  under  the  best  conditions,  but  their  discharge 
that  at  a  total  rate  of  2,000,000  gallons  per  acre  they 
leave  large  waste  areas  between,  and  their  corrected  coefficients  are 
a>rresf»xndingly  low.  It  must,  of  course,  be  remembered  that  at  a  rate 
of  4,000,000  gallons  per  acre,  for  which  the  Columbus  nozzle  at  least 
is  drsigned,  the  corrected  coefficients  would  be  much  higher.  Further- 
the  performance  of  these  nozzles  may  be  further  improved  by  the 
of  varying  bead,  which  increases  a  coefficient  of  .2  (for  4-foot  total 
I)  to  ~4  (for  a  head  varying  between  3.5  feet  and  4  feet).  This 
question  of  varying  heads  well  deserves  further  study,  especially  in 
the  light  of  Mr.  Taylor's  plan  for  parabolic  variations.  The  Columbus 
nozzle  offers  great  advantages  in  the  simplicity  of  its  construction  and 
tn  ha  large  orifice  if  its  excessive  discharge  can  be  overcome  by  the 
use  of  siphon  tanks. 

The  best  of  the  gravity  distributors  (a  3-inch  metal  disk  with  a 
2 -inch  radius  of  curvature)  has  given  much  better  results  than  we  had 
hoped  for  it  Without  the  complication  of  siphon  tanks  and  varying 
head,  it  shows  a  corrected  coefficient  of  .62,  double  that  obtained  for 
the  VVatcrbury  and  Columbus  nozzles  under  the  same  conditions.  With 
a  4-foot  total  head  its  coefficient  is  .40,  while  the  Columbus  nozzle  gives 
.22  with  a  similar  constant  bead,  and  the  best  Columbus  nozzle  value 
with  a  varying  head  is  only  .43.  The  smallest  opening  for  clogging  in 
the  gravity  system  is  the  discharge  pipe,  H  inch  in  diameter,  while  the 
diameter  of  the  Columbus  nozzle  is  ^  inch.  Furthermore,  the  accessi- 
bility of  the  whole  distribution  system  makes  its  maintenance  in  good 
condition  easy. 
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The  new  Salford  and  Birmingham  pressure  nozzles  produce  the 
most  efficient  distribution  of  any  of  the  devices  tested.  At  a  6-foot 
total  head  the  Birmingham  coefficient  is  .69,  and  at  a  4-foot  total  head 
it  is  still  better  (.80),  the  distribution  being  almost  |>erfect.  These 
good  results  are,  however,  gained  by  the  use  of  nozzles  which  are 
extremely  liable  to  clogging.  The  openings  of  the  new  Salford  nozzle 
are  only  fa  lnc^  m  diameter,  and  the  cone  into  which  they  discharge 
is  admirably  adapted  to  collect  solid  materials.  The  opening  in  the 
Birmingham  nozzle  is  a  ring  only  fa  inch  in  diameter.  Its  removable 
plug  indicates  that  even  with  the  carefully  screened  and  septicized 
sewage  of  Birmingham  it  requires  frequent  attention;  and  it  is  diffi- 
cult to  see  how  any  such  device  could  be  economically  used  under 
American  conditions,  even  with  septic  sewage.  On  the  other  hand, 
crude  sewage  can  be  sprayed  by  the  Columbus  nozzle  or  the  gravity 
distributor  without  difficulty  from  clogging. 
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The  Dksiramuty  op  Sterilization 


The  primary  purpose  of  sewage  purification  is  the  protection  of  th 
purity  of  the  streams.  The  Lawrence  experiments  first  showed  that, 
by  means  of  sand  fitters,  sewage  could  be  purified  to  an  extent  which 
is  for  all  practical  purposes  complete.  This  means  that  practically  all 
the  organic  matter  and  the  living  bacteria  of  the  sewage  are  either 
or  converted  into  harmless  mineral  constituents.  Such  a 
of  purification  is  possible,  but  it  involves  the  use  of  such  targe 
areas  of  suitable  sandy  land  that,  except  under  the  most  favorable  rir- 
cutnatances,  its  cost  to  a  city  of  moderate  size  is  practically  prohibitive* 
Consequently  the  tendency  for  the  past  decade  has  been  toward  more 
rapid  processes  of  purification ;  that  is,  processes  requiring  smaller  arras 
of  land  for  the  treatment  of  given  volumes  of  sewage.  The  results  of 
experiments  along  this  line,  carried  on  in  many  parts  of  the  world,  are 
now  well  known.  We  have  seen  the  successive  development  of  the 
septic  tank,  the  contact  filter,  and  the  trickling  filter,  each  of  which 
has  resulted  in  an  increase  in  the  possible  rate  of  treatment,  until  the 
original  maximum  rate  of  fifty*  or  sixty  thousand  gallons  per  acre  per 
day  has  been  multiplied  fifty  fold  or  more.  This  great  saving  in  filter 
area  has  not  been  obtained  without  some  sacrifice.  With  the  progress- 
ive increase  in  the  rate  of  treatment  there  has  come  a  more  or  less 
progfcaBve  deterioration  in  the  quality  of  the  effluent,  ao  that  the  efflu- 
ent of  a  modem  trickling  filter,  so  far  as  appearance  goes,  and  indeed 
often  in  its.  chemical  analysis,  seems  to  be  little  better  than  the  crude 
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'  analyses,  but  there  are  certain  aspects  of  the  present  subject  which 
are,  primarily,  sanitary.  The  relation  of  sewage  disposal  to  water  fil- 
tration has  already  been  commented  upon.  In  the  discussion  of  the 
economic  phase  of  this  relation  it  was  assumed  that  satisfactory  purifi- 
cation of  the  water  would  be  obtained  at  whatever  cost.  Where 
polluted  waters  are  being  taken  directly  into  the  city  mains  the  ques- 
tion is  naturally  a  serious  sanitary  one,  but  again  it  must  be  asserted 
that  the  responsibility  rests  upon  that  community  using  the  water. 
The  most  efficient  purification  of  the  sewage  before  discharge  will 
never"  make  a  water  safe  which  drains  a  populated  country.  The 
sewage  can  and  should  be  rendered  non-put rescible,  but  it  will  still  , 
be  germ-laden.  The  removal  of  these  residual  germs,  together  with 
those  others  which  by  scores  of  devious  and  hidden  paths  have  found 
their  way  into  the  stream,  must  depend  upon  the  water  works  authori- 
ties. The  case  is  aptly  put  by  that  dictum  ascribed  to  Mr.  Hering: 
"Nothing  to  be  discharged  into  a  stream  without  purification;  noth- 
ing to  be  taken  from  a  stream  without  purification."  The  greatest 
g«.Hxl  to  the  greatest  number  finds  its  solution  in  this  system  of  dual 
responsibility. 

Sewage  disposal  has,  therefore,  curiously  enough  come  to  be  less 
and  less  a  matter  of  sanitation.  As  the  practice  has  gradually  devel- 
oped from  the  slow  sand  filter  toward  rapid,  coarse-grained  filters,  it 
has  became  more  obvious  that  the  removal  of  bacteria  is  not  one  of 
the  functions  of  a  sewage  filter.  There  is,  as  a  rule,  a  removal  of  a 
[*»rtion  of  these  organisms.  Whether  or  not  there  is  a  satisfactory 
elimination  or  the  dangerous  germs  of  disease  is  a  point  upon  which 
there  is  great  diversity  of  opinion  and  very  little  exact  knowledge. 

It  was  seriously  feared  at  one  time  that  pathogenic  germs  might 
multiply  in  the  septic  tank  Woodhead  made  physiological  tests  of 
^rude  sewage  and  septic  tank  effluent,  and  concluded  that  there  were 
n-.'  t_.rgar.isms  in  the  latter  capable  of  setting  up  morbid  changes  in 
animals  after  inoculation.  Kideal  states  that  "satisfactory  evidence 
in  mvst  the  systems  is  now  available,  from  whi-jh  I  think  we  are 
justirieu  in  vVP.cluc.mg  that.  e\en  if  towns  on  a  river  like  the  Thames 
ad-.-rted  bacterial  schemes,  the  pathogenicity  :  t'*c  London  water 
supplv  \v«r.:\:  n-.-t  ;v  auver>cl\  arVected  G'e.vt  Britain.  1902,  A. 
Quest.  au> 

On  the  other  h.i"...  !Lv.>ton.  act:"g  :or  thv  K Sewage  Com- 
mission., ma  vie  a  ca:c:u'.  hacte:  loi-^gica"  <tudv  ■:  th*  .v'-vie  problem. 
He  concltivio  that  : 
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The  effluents  (mm  septic  tanks,  intermittent  o>nt:ut  he. Is,  coimn- 
0001  filtration  beck,  etc,  contain  an  enormous  number  of  bacteria.  In 
me  cases  the  percentage  reduction  of  microbes  in  effluent  as  compared 
mih  ruw  sewage  is  striking;  but  as  an  effluent  must  be  judged  by  the 
actual  state  it  is  in,  and  as  the  number  of  microorganisms  still  remaining 
is  almost  always  very  targe,  percentage  purification  would  seem  to  be 
of  minor  importance.  In  not  a  few  cases  the  bacteria  are  practically 
is  numerous  in  the  effluent  as  in  the  raw  sewage, 

The  different  kinds  of  bacteria  and  their  relative  abundance  appear 
to  be  very  much  the  same  in  the  effluents  as  in  the  crude  sewage. 
Thus,  as  regards  undesirable  bacteria,  the  effluents  frequently  contain 
nearly  as  many  /?.  ccti%  proteus-likc  germs,  spores  of  /?,  entrrittdis  spvro- 
frnts  and  streptococci,  as  crude  sewage*  In  no  case,  seemingly,  lias 
the  reduction  erf  these  objectionable  bacteria  been  so  marked  as  to  be 
very  material  from  the  point  of  view  of  the  epidemiologist  No  definite 
proof  has  been  furnished  that  the  effluents  from  bacteria  beds  are  con- 
spicuously more  safe  in  this  sense  in  their  possible  relation  to  disease 
than  is  erode  sewage.  Indeed,  all  the  available  evidence  tends  to  show 
that  they  must  be  regarded  as  nearly  if  not  quite  as  dangerous  to  health 
as  raw  sewage.  In  this  connection  we  would  again  take  note  of  the 
streptococcus  test.  If  it  be  true  that  streptococci  are  more  delicate 
germs  than  the  typhoid  bacillus,  their  presence  in  any  number  in  the 
effluent  would  seem  to  indicate  the  possibility  or  probability  of  the 
enteric  fever  bacillus  also  surviving  under  similar  conditions,  and,  in 
general,  woukl  lead  us  to  infer  that  the  biological  processes  at  work 
were  not  strongly  mimical,  if  hostile  at  all,  to  the  vitality  of  germs  of 
pathogenic  sort.    (Great  Britain,  1902,  Bt  p,  26,) 

At  the  Sewage  Experiment  Station  of  the  Massachusetts  Institute 
of  Technology,  bacteriological  examination  of  crude  sewage  and  of  the 
effluents  of  four  septic  tanks  and  fifteen  filters  were  made  during 
the  summer  season.  The  following  average  results  were  reported  by 
Winstar  (1904)1 
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There  were  four  septic  tanks  running  at  storage  periods  of  from 
twelve  to  forty  hours,  nine  contact  filters  differing  in  material,  depth, 
and  rate,  three  trickling  filters,  and  three  sand  filters,  each  set  running 
with  crude  and  two  kinds  of  septic  sewage. 

The  septic  tank  and  two  trickling  filters  now  in  operation  at  this 
station  gave  the  following  bacterial  results,  the  figures  being  averages 
of  the  results  of  almost  daily  examination  during  the  past  summer. 


Bacteria  per  c.c.  Lactose 
agar  at  87°. 

B.  coli.   Positive  *  teste 
in  Tvsivw  c.c. 

1,300,000 

66  per  cent. 

760,000 

35  per  cent. 

1,600,000 

66  per  cent. 

750,000 

85  per  cent. 

*  The  bile  hroth  presumptive  test,  recommended  by  Jackson  (1906),  was  employed. 


About  one-half  the  total  organisms  were  removed  by  filtration,  and 
the  reduction  of  /?.  coli  was  practically  in  the  same  proportion.  Such 
results  as  these  would  seem  to  justify  fully  the  statement  quoted  from 
Houston. 

We  ai e  still  ignorant  of  the  fate  of  the  dangerous  pathogenic 
organism*,  so  tar  as  any  direct  experimental  knowledge  goes.  In  the 
absence  ot  such  knowledge  it  is  only  reasonable  and  safe  to  assume 
thai  sv.ch  organisms  vk\  in  part,  at  least,  pass  through  the  filter. 

We  snuNt  therefore  coikIuJ.c  that  sewage  purification  by  modern 
pzwev^c*  ca:»  .v  vaaJ.e  to  puv.uce  erHv.e:\ts  which  are  reasonably  clear 
a:* J.  >t.i>.e.  \\hic:>  aie  ^evvAulev.  a:Kl.  potentially,  infectious; 
that  the  e.-v/v.-^e  v.-.ch  e^l.vv.^  streams  ..»r  tidal  waters  will 
ik*:  '>:l^g  .i.v..:  o^v.i'  '"..'v^'A*  a,'.4-v,:>v;  .iaroage  :  and  that, 
so  :a*   a^  tse   .  w         *...c-  .v."M:v';  .-.  *.e   •.".:'.>tr\.il  purposes  is 

COIKCMKV.  .   v.  \-   ^e     S  .'.'V  '.••'v.\,,j.': 

At  t"v    •  •»  m.-  ■ .  .  iv      ac\c  v   ".v.  -.v:h  a  co  aside  ra- 

:vt»  rt'v\0  •.».■..  ■        .                                     .  k    v  ^"       ot  sewage 

:.s.    -K.it  ■  "  >    -                              k    v             :   -e  .  i^r  pollution 

a*K:.  < -\  i^v  .--n                .  -                           V             k    yster  and 

oav  x\.n  .■:  .      .  -  .           <\         .       •    -      i           ■  sewage. 

rV:^   ■.:   %-  ;       ^  -         -       "  >  -    ■           -    .  -  k-      k  ■•.  ^-itude  ot 

•  N.  .  e.  *  v    .  v>  ■  '    '         %             v                     k^-  shellfish 

•v,l>'vt  '    ^  ■  - v  ■                       •  -         *  x          ■  . -    s  Jue  tu 
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the  discharge  of  untreated  sewage  into  the  rivers  and  tidal  waters. 
In  Great  Britain  it  is  more  commonly  the  result  of  the  discharge  of 
paitkDy  purified  effluents  which  are  quite  stable,  as  we  have  described 
them,  but  germJadcn.  In  many  places  the  matter  is  being  studied 
or  agitated  In  Great  Britain  the  Royal  Sewage  Commission  has 
issued  ft  Voluminous  and  valuable  report  upon  the  pollution  of  shellfish 
(Great  Britain*  IQO4).  In  our  own  country  the  Massachusetts  State 
Board  of  Health  has  had  the  question  under  investigation  for  several 
>car%  and  has  just  issued  a  valuable  report  bearing  upon  the  subject 
(Massachusetts*  1906) ;  New  York  State  has  a  Harbor  Pollution  Com* 
■Wqq  which  for  two  years  has  studied  conditions  in  New  Yurie 
Harbor;  New  Jersey  is  alive  to  the  danger  which  threatens  one  of 
her  great  industries;  and  Baltimore  is  talcing  active  steps  to  improve 
the  sanitary  conditions  of  upper  Chesapeake  Bay,  The  difficulties 
of  the  situation  are  obvious  A  polluted  river  water  may  be  rendered 
potable  through  filtration,  but  purification  of  shellfish  seems  to  be  out 
rf  the  question.  It  follows,  then,  that  the  bacteria  of  sewage  must 
ml  be  discharged  upon  shellfish  beds.  The  kind  of  purification  which 
we  have  discussed  will  no  longer  serve,  fur  sanitary  considerations  arc 
here  paramount.  A  higher  standard  of  purity  —  a  bacterial  purity  as 
veil  as  an  organic  stability  —  must  be  demanded  in  such  cases,  or 
cbe  the  taking  of  shellfish  must  be  prohibited.  When  the  community 
is  Urge  and  the  shellfish  industry  small  this  latter  alternative  will 
probably  prove  the  more  satisfactory.  Where  small  communities  are 
poButing  large  and  important  beds,  thorough  purification  by  sand  filters 
is  not  an  unreasonable  requirement.  Unfortunately,  the  greatest 
shellfish  areas  of  the  country  are  so  situated  that  they  are  subject 
directly  or  indirectly  to  possible  pollution  from  concentrated  populations. 

In  a  carefully  prepared  paper  on  this  subject  by  Mr.  G  W 
Fuller  (1905)  it  is  stated  that  the  annual  crop  of  oysters  gathered 
along  the  Atlantic  and  Gulf  coasts  in  1902  amounted  to  over  twenty* 
five  fnSBon  bushels,  valued  at  over  thirteen  million  dollars,  and  that 
the  crop  of  dams  was  over  two  million  bushels,  valued  at  two  million 
dnUatm.  Over  one-half  of  this  total  product  came  from  the  three 
ttate*  of  New  Jersey,  Maryland,  and  Virginia,  and  were,  in  the  main, 
grown  in  the  waters  of  the  Deb  ware  and  Chesapeake  Bays,  into  which 
the  sewage  of  Philadelphia,  Wilmington,  Baltimore,  Washington,  and 
either  cities  is  discharged  At  present,  owing  to  the  tremendous  dilti* 
tta  of  the  poButing  matters  in  these  bays,  the  danger  of  pollution  is 
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in  most  cases  remote,  but  it  is  significant,  ever  present,  and  ever 
increasing.  The  great  value  of  the  industry  and  the  even  slight 
danger  to  which  it  is  now  exposed  has  called  for  action  on  the  part  of 
those  most  interested.  In  Baltimore  a  system  of  sewerage  and  sew- 
age disposal  is  being  planned  by  which  it  is  intended  to  remedy  the 
present  serious  pollution  of  the  Patapsco.  In  calling  upon  a  com- 
mission of  experts  for  advice,  the  Sewerage  Commission  of  Baltimore 
distinctly  specified  "that  the  effluent  proposed  to  be  discharged  into 
Chesapeake  Bay  or  its  tributaries  in  the  system  to  be  recommended 
by  the  engineers  shall  be  of  the  highest  degree  of  purity."  By 
a  cooperative  arrangement  between  the  states  of  New  Jersey  and 
Pennsylvania  the  condition  of  the  Delaware  River  is  being  investi- 
gate*^ and  measures  will  be  considered  by  which  the  present  serious 
pollution  of  that  river  shall  be  remedied. 

It  seems  that  in  such  cases  the  value  of  the  industry,  together 
with  the  difficulty  of  protecting  the  beds  in  any  other  way,  will  ulti- 
mately force  upon  the  authorities  one  of  two  alternatives:  complete 
purification  by  filtration  through  sand,  or  rapid  and  partial  purification 
by  means  of  contact  beds  or  trickling  filters,  followed  by  some  kind  of 
sterilization. 

The  former  is  practically  what  has  been  recommended  for  the  city 
of  Baltimore,  although  it  is  there  proposed  to  make  use  of  sand  fil- 
tration as  a  secondary  process,  following  treatment  on  trickling  filters. 
Ir.  this  way  the  efficiency  of  the  sand  filtration  is  obtained  at  a  con- 
siderable saving  in  filtration  area.  The  Board  of  Advisory  Engineers 
ha*  estimated  the  o.->t  of  works  for  the  complete  treatment  of 
seventy-five  million  gallon  s  of  sewage  per  day  at  55,285.250,  of  which 
sum  SE.34r.r5"*  -'r  -,ver  51  r^'r  cent  .  is  for  the  supplementary  treat- 
ment '.'P.  sa~d  filters*  The  annual  cost  of  operation  is  estimated  at 
5115.50?.  of  *h:ch  S53.CXW  or  4$  per  cert  ,  is  for  the  supplementary* 
treatment  Bait  more,  toco-.  This  c/ves  s<  me  idea  of  the  price  which 
it  ^  necessary  to  pay  i-.-r  erruievts  ■::  bacterial  p.  r.ty  over  and  above 
the  est  -r  rv-v.ev.:^  the  >c'.va^e  >tah\  a"  •-■-"-putrefactive.  In 
regard  t.*  <er'. *.jat:o:'  ,'vM,\.i  \  fx  c^'-  '.v-^  :v:.vrt  that  4*to 
rem.'.  ve  all  huctva  -cva  ^  t'^-c  >.tt  .v.  .  ,:  -*t  \-  the  sprin- 
<'.:r.^  filters       .::>: ocv  t.vr.N  <  c  -       ^.;vr  ■.:  -..  -  _>f  sodium 

■  r  sulphate   :t   c^v    a-.,  -a  ■  •    .\  x  .   and  this 

. :. ■ : *t  :•  ■  n  is  ?a>ed  c  w: »  *. ~  c  .v  <  v •  - 1  •  \  v. ■  ^ ^  . ■ :  *. c  -  ;  c\ •  ■.  ■  \  available. 
The   :a.t         th:>  .u.tv  !\c.-.w  ..a'  >   not  yet 
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been  reduced  to  its  lowest  terms.  We  have  yet  to  learn  how  effective 
it  amy  be  made  and  at  what  cost,  and  what  after  effects,  objectionable 
ur  otherwise,  are  likely  to  follow  its  employment, 

A  somewhat  careful  study  of  the  question  has  forced  the  authors 
in  the  belief  that  there  is  much  of  value  in  this  process,  and  that 
under  certain  circumstances  and  conditions  which  arc  common  in  this 
country,  particularly  where  the  oyster  question  is  involved,  it  may  be 
found  to  be  the  best  possible  solution  of  the  whole  problem. 

In  connection  with  an  experimental  study  of  certain  kinds  of 
chemical  sterilization,  the  results  of  which  are  here  presented,  the 
literature  of  the  subject  has  been  thoroughly  reviewed,  and  it  is 
thought  that  a  summary  of  our  available  information  might  prove  of 
value.  In  connection  with  the  experimental  data  which  have  been 
compiled,  the  all-important  question  of  cost  has  been  gone  into  in 
OK  detail,  juniiularl)  in  the  CS00  ut  thuse  pFPOWWE ufafch  in  mhei 
appear  to  be  feasible* 
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In  Great  Britain  the  somewhat  indefinite  allusions  of  the  Royal 
Sewage  Commission  to  the  question  of  sterilization  as  a  finishing 
pnxesa  in  sewage  treatment  have  aroused  a  storm  of  discussion  and 
resulted,  at  least,  in  clearing  away  many  misconceptions.  Sterilization 
processes  of  many  kinds  have  been  investigated,  and  the  subject  has 
been  freely  discussed.  For  the  following  classification  of  sterilizing 
agents  and  for  many  of  the  facts  here  cited  the  writers  are  indebted 
R ideal  (1905^  whose  careful  paper  on  the  subject  discusses  its 
in  a  thoroughly  impartial  manner.  Other  authorities  art- 
far  as  possible.  Except  when  otherwise  stated,  costs  arc  based 
upon  present  Boston  prices. 

The  various  methods  proposed  for  the  sterilization  of  effluents  wiU 
be  taken  up  hs  the  following  order, 
I,  Heat, 
lime. 

Ozone. 

Chlorine  and  its  compounds. 
<*)  Chlorine  gas. 
(A)  Qaychkiridcs. 

(r)  Chloride  of  Ihne ;  hypochlorites. 


2* 

s- 

4* 
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6.  Copper  and  its  compounds. 

7.  Miscellaneous. 

(/#)  Permanganate. 
(*)  "Amines." 

1.  Hrat.  — The  use  of  heat  has  been  suggested  for  the  steriliza- 
tion of  sewage  and  effluents.  In  his  testimony  before  the  Royal 
Commission,  Klein  (Great  Britain,  1902,  A,  Quest.  9674)  referred  to 
a  patented  apparatus  which  he  considers  quite  feasible,  and  by  the  use 
of  which  enough  ammonia  was  to  be  recovered  nearly  to  pay  for  the 
fuel  required.  There  is  no  record  that  this  device  has  ever  been  used 
on  a  large  scale,  and  its  claims  are  almost  too  fanciful.  A  rough  cal- 
culation of  the  anthracite  coal  necessary  to  raise  sewage  to  the  boiling 
point  from  the  average  temperature  of  6o°  F.  gives  40  tons  per  million 
gallons,  which  will  cost  say  $4  per  ton,  or  $160.  The  total  amount 
of  tree  ammonia  in  a  million  gallons  of  boston  sewage  is  about  100 
pounds,  which,  if  concentrated  to  the  commercial  strength  of  28  per 
cent.,  would  bring  40  cents  per  pound,  or  $40.  These  are  the  most 
favorable  figures  possible,  and  in  reality  the  revenue  would  be  a  much 
smaller  proixMrtion  of  the  cost.  Sterilizing  by  heat,  therefore,  will  be 
a  very  expensive  process  and  may  safely  be  disregarded. 

- .  1. 1Mb..  Caustic  lime  acts  as  a  weak  germicide.  The  consid- 
erable removal  of  bacteria  noted  when  lime  is  used  as  a  precipitant  for 
sewage  in  undoubtevllx  due  to  the  action  of  the  precipitate  itself  in 
cr.u^v.^  down  with  it  the  bacteria  which  it  has  entangled.  Such  an 
ac:>c:»  i>  cv»«v.v.oi*  \\\  a!'.  ivociv::.i: v\  a::d  even  the  sedimentation  of 
sew.-^v  i>  xw.i\n  .uvv'.vvvcvvv.  b\  .1  s'c.i:  reduction  in  the  numbers 
o:  ba c : c :  m     be-     v/  w  •. : h  c "V . .c ■ » : s  t  h c.  c:  r  c .  ! ■ *::e  alone  would  not 

see?**  to  be  -l  \.i  ..a'»!e   vv'.e     x-cca"  states  :ha:  s:\ry  to  seventv 

j;mm,>  Sns^  .w  w  ■  ^  .c.e  -c'-.v:  ■»  <c- •'■..v.t--,p  Thresh  believes 
:ha:         wo.  e    .  ■■•  n%  a  m'.  v.u:.-;\  atv*  :i  c^.uents*  but  has 

;      \.           v  ^    v-..       .v    ■  v.  ■-.■■.-.■       acids  than 

.  v.,  vv     '.•>.■    v  x  c   ..         ■.  ^      —  ..         ;'■:«.■  !era  ^erm<. 

R.u.i       .vv*.  ^  ■  .              ■.  ^    >  ...         v.^.    .-j  >ra:es  ihat 

>:.  .  .e    ■  \  k oa   v  >     N                          -  '   ,  u.  lit  rlfreen 

■■■•■.an      .    o.?    x  .                        -\»:  IvanocF 

v  ^   '.  \     .  -r    v  N    v                            *-       icra  §emx> 

."v  ^           ■     ^  *             N-                       v  "  .^i.^-  round 
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obtained  also  by  R ideal  himself  To  furnish  one  million  gallons  of 
wage  with  .08  per  cent*  sulphuric  add  would  require  6,640  pounds 
of  add,  at  an  approximate  cost  of  $332.  Smaller  amounts  of  acid 
might  be  used,  since  it  would  not  be  necessary  to  kill  typhoid  germs 
in  m  abort  a  time  as  fifteen  minutes ;  but,  on  the  other  hand,  there 
» in  moat  sewage  a  considerable  amount  of  free  alkali  requiring  neu- 
tralization before  any  effect  of  the  acid  would  be  obtained.  On  the 
whole,  this  process  would  seem  to  be  an  impractical  one  except  in  cases 
of  emergency.  It  Is  interesting  to  note  that  the  sewage  of  Worcester, 
m Mm  h'l^'tfv  nonlrins  normally  an  avQtyga  {^  01  i  CUl  fret 
Milphuric  acid,  or  half  enough  to  kill  cholera  germs  in  twenty-four 

4.  Ozome*  —  Ozone  has  been  used  with  more  or  less  success  In 
various  parts  of  Germany,  particularly  at  Wcisbaden,  for  the  steriliza- 
tion of  drinking  water.  Although  the  process  has  been  most  favorably 
tpoken  of  by  those  in  immediate  care  of  the  investigations,  it  has  not 
generally  been  regarded  as  a  success,  and  its  use  at  VVcisbaden  has  been 
discontinued.  There  can  be  no  doubt  as  to  the  possibility  of  procuring 
a  satisfactory  effluent  by  this  process  when  the  water  in  question  is  a 
highly  polluted  river  water  Whether  the  process  would  deal  satisfac- 
torily with  a  sewage  effluent  of  considerable  turbidity  has  not  been 
determined  Rideal  points  out  that  ozone  is  but  sparingly  soluble. 
Such  being  the  case,  it  might  altogether  fail  to  penetrate  the  solid 
masses  hi  the  effluent,  since  the  rate  at  which  a  dissolved  gas  will 
thus  penetrate  solids  is  a  direct  function  of  its  solubility. 

The  principal  cause  of  the  failure  of  the  ozone  process,  however, 
ran  to  be  its  expense.  If  this  is  the  case  in  water  works  it  seems 
hardly  possibS  that  the  process  could  be  applied  to  sewage  effluents 
as  no  additional  safeguard  after  purification.  There  are  no  data  a4 
hand  for  estimating  the  cost  of  ozone  treatment  when  applied  to  efflu- 
ent*. Besides  the  cost  of  treatment  their  is  the  very  considerable 
cost  of  installation  of  the  necessary  machinery  and  towers. 

5+  CttLORix*  and  Its  Compounds.  —  Chlorine  is  well  known  as 
a  powerful  germicide.  It  has  long  been  known  as  a  bleaching  agent 
acting  upon  organic  coloring  matter,  not  directly,  but  by  means  of 
the  Cm  nascent  oxygen  which  it  liberates  from  the  water  in  which 
it  is  dissolved.  It  is  probable  that  its  germicidal  effect  is  similar*  In 
other  words,  chlorine  and  ozone  come  to  the  same  thing  in  the  end, 
rurocly,  nascent  oxygen.    Chlorine,  however,  has  the  advantage  of 
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more  ready  solubility  and  of  cheapness.  It  is  used  technically  in 
three  forms,  all  of  which,  however,  act  in  the  form  of  free  chlorine* 
and  not  as  compounds. 

(a)  Chlorine  Gas.  —  Until  within  recent  years  chlorine  has  been 
manufactured  commercially  by  the  Weldon  or  some  similar  process. 
In  the  Weldon  process  hydrochloric  acid  is  made  to  react  with  a  com- 
plex mixture  of  manganese  hydroxide  and  lime  —  "Weldon  mud"  — 
the  reaction  being  essentially 

Mn02  +  4HCI  =  MnCl2  +  2HaO  +  CI,, 
although  in  reality  it  is  much  more  complex. 

Recently,  however,  electrolytic  processes  have  been  developed  by 
which  the  cost  of  manufacture  has  been  materially  reduced,  particularly 
where  cheap  water  power  is  available.  The  difficulties  in  the  way  of 
using  gaseous  chlorine  are  chiefly  the  cost  of  transportation,  difficulty 
and  danger  in  handling  the  gas,  and  the  difficulty  of  accurately  meas- 
uring the  amount  of  gas  added  to  the  effluent.  On  the  other  hand, 
it  the  magnitude  of  the  work  would  warrant  the  installation  of  an 
electric  chlorine  generating  plant,  there  is  reason  to  believe  that  there 
would  be  a  great  economy  in  the  preparation  and  direct  use  of  the 
gas,  and  the  disadvantages  noted  would  be  obviated  to  a  large  extent. 
This  matter  ot  cost  will  be  more  fully  discussed  in  another  place. 

Oxyc'i lentil  Process.  Htnnite  Process,  —  The  electrolysis  of 
ordinary  >a!t  yields  chlorine  and  caustic  soda.  It  is  claimed  that  if 
mo^ioium  salts  K4  present,  as  in  sea  water,  a  secondary  reaction 
occur>  by  which  there  are  produced  certain  oxides  of  chlorine.  Three 
oxides  of  chlorine  are  known  :  CwO  and  C1^03.  the  anhydrides  of 
h y 'r\ \  h ■  ■ » ro u s  x\\ d  c  h !  o  r  o t l. s  acids,  re > \ vc  t  i v e ■  \ .  a :  10.  c h lori ne  peroxide, 
CiO.,.  The  latter  is  tor  mod  on!\  under  exceptional  conditions  and  is 
extreme!)  lip. > tabic  The  others  unite  instant  :\  with  water  to  form 
the  corre>Lv:uiiT>L;  acids.  rhero  >ccp>>  to  bo  no  legitimate  reason  for 
assuming  the  prev/'ve  or  an.\  vvi v:\v.-\is  m  this  electrolysed  sea  water 
except  conv.viuv.s  to  tho>e  whvh  ue  know  are  produced  in 

t he  ca no  •  »f  t ' v  ^ \ •  ■ . ■ ; u  a \ v.  the  c .  1 ' c . . . i n  .  ■  \  1  ■  "o \ \ .  hy  pi.vhlorites. 

The  h\!H\h«*i':e        iv^'w.-!'  >vo-s  •.•    v  arable  compound* 

readii\  h>dsvlv '\;  to  pm.^'v^  .  r.v  .;  v  v  •>  v%'-  p-us  acid.  This 

tact  i>  >u:hVie--t  t-»  .u\o    o         \'v    V->:>o     '  1  a"ac  observed 

m   the  use  ^1   e\vr.o.\  ed    mm  .■i-a  vi   ■*•:>  equivalent 

amounts  01  a\ arable  ■!•  t:>*   ■■':'»'        ^  ■■  vwuer. 

Ridca!    made   an   cxIchmxo   avuc.n   ol    .*x;v« a:  Guildford, 
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where  he  was  able  to  test  the  effect  of  the  oxychloride  M 
it  upon  raw  and  septic  sewages  and  upon  effluents  of  primary, 
tcomdary,  and  tertiary  contact  beds.  The  following  tabulated  sum- 
mary of  his  results  will  show  about  what  may  be  accomplished.  By 
the  term  "available  chlorine*'  (av.  cl.)  is  meant  the  chlorine  value  as 
••bcaincd  by  titration  with  arscnious  acid.  The  results,  especially 
as  rqpuds  the  removal  of  A  coli%  are  all  that  can  be  desired.  Exam* 
inatxms  of  the  few  organisms  remaining  in  the  sewages  and  effluents 
«fter  treatment  showed  them  to  be  largely  organisms  of  the  hay 
hanllu*  group,  aerobic  spore-forming  bacteria,  which  are  probabl 
bcnefktal  in  the  further  oxidation  of  the  organic  matter.  Absolute 
sterilization  required  very  high  concentration  of  chlorine. 


TABLE  I  —  Sri* vi a* v  of  Kipeal*«  Experiments  at  GurtnroRit,  England*  on  ths 
In  tir  OxvcmoEin*  in  Stemlixing  Raw  Sewage,  Septic  Effluents, 
and  thk  K rr LUixn  or  Peivahy.  Secondary,  and 
TtxTtAftT  Contact  Filters 
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V)  Ok/ertdr  of  Lime.  —  Chloride  of  lime,  so  called,  is  a  mixture  ot 
hypochlorite,  calcium  chloride*  and  impurities.  Its  efficiency 
as  a  disinfectant  is  due  to  the  action  of  the  hypochlorite,  which 
ring  off  oxygen  and  free  chlorine.  Thresh  has 
at  tltford,  England,  for  the  sterilization  of  the  effl 
of  s  ffr*flMi'»l  precipitation  plant.    The  addition  of  140  to  aoo  pans 
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the  chloride  was  found  to  give  a  nearly  sterile  effluent  after  the  latter 
had  flowed  in  a  closed  conduit  for  a  mile.  Commercial  chloride  in 
this  country  will  average  35  per  cent,  available  chlorine.  Upon  this 
b&sia  the  amount  of  chlorine  used  was  50  to  100  parts.  The  chloride 
would,  therefore,  seem  to  be  as  efficient  as  (he  soolled  oxychloride, 
and  in  fact  is  probably  a  similar  compound. 

During  the  past  year  experiments  have  been  carried  on  at  this 
station  to  determine  the  efficiency  of  bleaching  powder  in  the  steriliza- 
tion of  the  effluent  of  a  trickling  filter.  A  preliminary  series  of  tests 
was  first  made,  covering  a  wide  range  of  concentrations  of  bleaching 
powder.  These  tests  were  made  in  bottles.  A  strong  suspension  of 
bleaching  powder  was  mode  up  and  analyzed  for  available  chlorine  by 
the  arsenknia  acid  method.  Portions  of  this  solution  were  then 
measured  into  bottles,  each  containing  1  liter  of  the  effluent  from  the 
trickling  filter.  The  available  chlorine  was  again  determined  in  a 
saw)*!?  withdrawn  from  the  bottle.  Determinations  of  the  total  or- 
ganisms present  in  the  effluent  before  adding  the  disinfectant  and  at 
stated  intervals  thereafter  were  made.  Plates  were  made  with  stand* 
ant  nutrient  gelatin,  incubated  at  20"  and  counted  on  the  third  day. 

The  results  v4  the**  tests  are  summarized  in  Table  II,  and  in 
T^ble  \\\  are  calculated  into  percentage  figures: 
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TAB141  11—  PRtXlMIKAtY  TWW  OF  EFFICIENCY  OF  &UCACHING  PoWDER  IN  Tftl 

Syrriluation  or  a  Thick umo  Filter  Effluent 


Bactmi*  m  Cviic  C»Ttit*Tnit. 


TABLE  111  —  Summary  of  Preliminary  Experiments 
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These  results  indicate  clearly  the  practical  impossibility  of  obtaining 
a  sterile  effluent  in  this  way.  Neither  the  addition  erf  large  amounts 
of  bleaching  jjowdcr,  up  to  100  parts  of  available  chlorine  per  million, 
nor  the  storage  of  the  effluent  for  periods  of  time  up  to  twenty  hours 
proved  entirely  effectual.  It  is  further  shown  that  a  concentration  of 
al>out  five  |>arts  }>er  million  of  available  chlorine  and  a  storage  period 
of  about  two  hours  give  practically  the  maximum  efficiency  possible 
with  the  process. 

V\h)\\  this  basis,  therefore,  a  practical  test  of  the  process  was 
made.  A  large  trickling  filter  at  the  Sewage  Experiment  Station, 
filtering  raw  sewage  at  the  rate  of  five  thousand  gallons  per  day,  was 
used.  A  solution  of  bleaching  powder  was  made  up  in  a  fifty-gallon 
barrel  of  such  strength  that  when  added  to  the  effluent  at  the  rate  of 
two  gallons  jier  hour  it  would  supply  the  effluent  with  about  five  parts 
\w  million  of  available  chlorine.  It  was  not  possible  on  such  a  small 
scale  to  regulate  the  How  accurately,  and  there  was  some  variation  in 
the  amount  of  available  chlorine  found  in  the  effluent  This  value 
was  determined  each  day  when  the  samples  were  taken  for  bacterial 
examination.  It  averaged  atxmt  five  parts  per  million,  and  the  vari- 
ation was  no  more  than  may  he  expected  in  the  case  of  a  larger  plant 
\ulh  L\s<i  vaivtul  MiivwUion. 

the  mixed  ctHuout  and  sterilising  solution  passed  into  a  settling 
txivai  SiiiU  on  the  pi  mciplc  ot  a  IVitmuud  tank,  and  designed  to  give 
a,  mean  iioia^c  ot  appioxunatclx  two  bouts.  Regular  examinations  of 
me  v'?H,v:i',   ^vio'c  .uUmxiv.ic  :':v  Ntciv.ur.^  solution  and  after 
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TABLE  IV  —  Ex 
arte*  Sni 


>Mt  or  ErrLUEjrr  from  Trickling  Filter  before  and 
n  with  Chloride  or  Liu*,  available  Chlorixe, 
Fmt  Parti  rot  Million 


OfWANlUU  m*  Cl'WC  CCMTtXJKTVH* 


tmttMnf*  After  treatment. 
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A  series  of  laboratory  experiments  was  carried  on  at  the  same 
time  to  determine  the  germicidal  power  of  the  bleaching  powder  solu- 
tion upon  B.  typhosus.  Strong  bouillon  cultures  of  this  organism  were 
made  in  sterile  tap  water.  After  the  number  of  organisms  initially 
present  was  determined,  suitable  amounts  of  the  bleaching  powder 
solution  were  added,  and  determinations  were  made  of  the  organisms 
alive  at  stated  intervals.  The  results  of  these  tests  arc 
shown  in  Table  V.1 
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fmjjmt  m  thee*  experiment* 
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TABLE  V — Experimental  Results  Showing  the  Germicidal  Actio*  of 
Bleaching  Powder  Solutions  upon  B.  Typhosus. 


Experiment 
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chlorine. 
Parts  per 
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Except  in  Experiment  II,  the  reduction  in  twenty-four  hours  is 
practically  complete,  and  in  two  hours  is  satisfactory  for  all  purposes 
for  which  such  treatment  would  be  undertaken,  the  enormous  initial 
numbers  being  taken  into  consideration.  The  phenomenon  of  a  few 
specially  resistant  organisms  is  a  very  common  one  in  all  investiga- 
tions of  germicides,  whether  of  heat,  cold,  desiccation,  or  chemical 
disinfection,  and  is  particularly  marked  here.  The  results  of  Experi- 
ment II  are  in  disagreement  with  the  others.  Whether  they  represent 
a  specially  resistant  culture  of  the  organisms  or  whether  the  results 
are  due  to  some  error  in  the  experiment  cannot  be  stated. 

Summarizing,  it  may  be  said,  as  a  result  of  these  experiments, 
that  a  concentration  of  five  parts  per  million  of  available  chlorine  from 
bleaching  powder,  acting  for  a  period  of  two  hours,  will  remove 
99.96  per  cent,  of  the  total  bacteria  and  practically  eliminate  the 
intestinal  organism,  B.  coli,  and  any  typhoid  organism  present. 

Cost  of  Chlorine  in  Various  Forms 

With  the  electrolytic  process  in  use  at  Niagara  Falls,  where  cheap 
power  is  available,  the  manufacture  of  chlorine  and  of  bleaching 
powder  is  carried  out  very  cheaply.  Commercial  bleaching  powder 
can  be  purchased  in  the  Eastern  market  at  about  1  cent  per  pound, 
guaranteed  40  per  cent,  available  chlorine.  In  other  parts  of  the 
country  the  additional  freight  charges  might  make  the  cost  somewhat 
higher.  On  the  convenient  basis  of  1  cent  the  actual  cost  of  the 
chlorine  is  2.5  cents,  and  the  cost  of  adding  one  part  per  million  of 
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available  chlorine  to  the  effluent  would  be  21  tents  per  million  gallons, 
or  |i  05  per  million  gallons  for  five  parts.  Bleaching  powder  is  made 
by  the  action  of  chlorine  upon  caustic  lime,  so  that  chlorine  in  this 
form  will  obviously  cost  more  than  as  the  free  gas.  To  develop  at 
oocc  its  full  bleaching  or  disinfecting  action  it  is  necessary  to  use  it 
m  acid  solution,  as  is  done  in  commercial  bleaching  processes.  An 
investigation  of  the  reactions  involved  leads  us  to  believe  that  the 
total  available  chlorine,  as  indicated  by  the  analysis,  is  eventually 
set  free  hi  a  solution  of  organic  matter,  such  as  sewage,  especially  in 
the  presence  of  sunlight;  but  it  is  probable  that  the  reaction  pro- 
ceeds more  and  more  slowly  as  it  reaches  the  end,  and  that  in  the 
time  available  for  treatment  it  is  not  safe  to  count  upon  more  than 
75  per  cent,  of  the  available  chlorine  being  actually  used.  K ideal 
observed  that  there  was  an  immediate  loss  of  available  chlorine  cor- 
responding roughly  to  the  strength  of  the  sewage  or  effluent  under 
treatment,  and  that  afterward  the  loss  of  available  chlorine  was  very 
gradual,  his  explanation  being  that  there  were  two  distinct  kinds  of 
organic  matter  present.  With  the  knowledge  that  free  carbonic  acid, 
always  present  in  sewage,  is  able  to  react  with  the  hypochlorite  liber- 
ating chlorine,  we  are  inclined  to  the  view  that  the  preliminary  action 
noticed  was  due  to  this  cause.  Free  gaseous  chlorine,  on  the  other 
hand,  is  all  available "  and  ready  for  immediate  use.  As  the  time 
dement  is  one  of  immense  importance  in  the  design  and  cost  of 
a  sterilization  plant,  this  item  alone  deserves  much  weight.  Moreover, 
the  use  of  chlorine  gas  possesses  certain  other  advantages  over  the 
bleaching  powder*  It  adds  nothing  else  to  the  sewage,  whereas  bleach- 
ing powder  adds  a  certain  amount  of  insoluble  materia)  and  consider- 
able hardness*  It  seemed  advisable,  therefore,  to  obtain,  if  possible, 
some  actual  cost  data  on  the  production  of  electrolytic  chlorine. 
Tli rough  the  courtesy  of  Messrs,  A,  G.  Paine,  Jr.,  president,  and 
J,  R*  Crocker,  superintendent,  of  the  New  York  and  Pennsylvania 
Company,  the  following  statistics  have  been  obtained,  based  upon 
actual  costs  in  a  large  paper  mill  using  the  McDonald  electrolytic 
ccO. 

Each  cell  will  produce  22  pounds  of  chlorine  and  22  pounds  of 
caustic  soda  per  day  of  twenty-four  hours,  with  the  use  of  2.0&  kilo- 
watts of  current.  One  kilowatt  hour  is  therefore  equal  to  a 46  pound 
of  chlorine.  The  cost  of  power,  made  under  the  most  favorable  con* 
drtsms  by  a  modern  compound  condensing  engine,  burning  M  run-of* 
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the-mine  "  coal  at  $2  per  ton,  is  estimated  at  not  over  #52  per  kilowatt 
year,  or  0.6  cent  per  kilowatt  hour.  The  cost  of  chlorine  is  therefore 
about  1.3  cents  per  pound,  a  trifle  over  half  the  cost  of  the  chlorine 
in  bleaching  powder.  If,  as  we  have  intimated,  this  fofm  of  chlo- 
rine shall  be  found  to  be  25  per  cent,  more  efficient  than  the  other, 
and  if  the  original  cost  of  installation  be  not  too  great,  it  seems  that 
for  large  works,  at  least,  the  manufacture  of  chlorine  might  well  be 
undertaken.  Even  at  2  cents  per  pound  the  cost  of  treating  a  million 
gallons  of  effluent  with  one  part  per  million  of  chlorine  would  be 
reduced  to  16.6  cents,  or  83  cents  per  million  gallons  for  five  parts. 
Moreover,  this  expense  would  be  considerably  offset  by  the  value  of 
the  caustic  soda  produced  at  the  same  time. 

6.  Copper  and  Its  Compounds.  —  Rideal  has  experimented 
recently  with  copper  salts,  and  finds  them  efficient  in  the  steriliza- 
tion of  effluents.  While  its  expense  would  seem  to  prohibit  the 
general  use  of  copper,  it  is  undoubtedly  a  suitable  disinfectant  for 
water  cress  and  oyster  beds. 

Johnson  and  Copeland  (1905)  obtained  the  following  reduction  of 
total  organisms  in  effluents : 


Copper  sulphate. 
Rate  per  million. 

Per  Cent.  Rbductiom. 

Three  hours. 

Twenty-four  hours. 

5 
10 
20 

90.0 
98.0 
98.5 

99.9 

99.95 

90.96 

Second  series,  average  of  three  sets  .  .  .  .  j 

10 
20 
40 

40.0 
60.0 
88.0 

99.7 
99.9 
99.95 

They  find  action  most  rapid  during  the  first  hour.  They  estimate 
the  cost  for  chemicals  alone  at  $5  per  million  gallons  of  effluent, 
treated  with  ten  parts  per  million,  or  $10  for  twenty  parts,  which  they 
consider  prohibitive.  More  experimental  data  on  the  use  of  copper 
salts  are  needed  before  we  can  judge  of  their  value.  Their  effect 
will  also  depend  largely  upon  the  character  of  the  water. 

7.  Miscellaneous,  (a)  Permanganate.  —  Potassium  and  sodium 
permanganate  have  been  used  at  times  for  the  oxidation  of  organic 
matter  in  streams.  At  London  sodium  permanganate  is  added  to  the 
Thames  regularly  when  it  becomes  too  foul  at  times  of  low  water. 
The  application  here  is  to  destroy  odors  and  putrescible  material,  but  it 
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undoubtedly  partially  sterilizes  the  water.  Its  use  has  been  proposed 
for  rendering  effluents  of  chemical  precipitation  plants  non-putrescible. 
The  cost  is  greater  than  chlorine  compounds,  which  would  seem  to 
be  fully  as  efficient. 

(t)  *  Amines  M  Process. — This  process  was  developed  by  H.  Woll- 
betm  in  England  It  is  claimed  that  tnmethylamine  treated  with  lime 
or  other  alkali  produces  a  very  poisonous  substance.  Herring  brine  is 
used  for  the  amine.  A  large  excess  of  lime  is  used,  and  the  mix- 
ture used  to  precipitate  crude  sewage.  Klein  made  a  test  of  the 
process  at  West  Horn  in  1889,  and  found  that  a  clear,  non-putrescent, 
and  sterile  effluent  could  be  obtained.  Similar  results  were  obtained 
at  Wimbledon,  where  the  bacteria  on  the  sewage  were  reduced  from 
768,000  to  none.  The  sludge  is  also  non-putrescible.  The  process  has 
never  been  developed  further.    (Great  Britain,  1902,  A,  Quest*  5206.) 


Conclusions 

Summarizing  the  more  important  points  of  the  present  discussion, 
we  may  state: 

Ordinarily  it  is  not  the  function  of  the  sewage  61ter  to  remove 
bacteria  from  the  sewage.  In  the  case  of  the  modern  rapid  filters, 
we  are  not  at  all  certain  as  to  the  fate  of  the  dangerous  germs  of 

Where  extensive  shellfish  interests  are  at  stake  it  will  sooner  or 
later  become  necessary  to  protect  the  neighboring  waters  from  pollu- 
ting!, and  hi  this  case  the  total  absence  of  pathogenic  bacteria  must 
be  assured. 

This  result  may  be  attained  by  the  ultimate  use  of  sand  filters  or 
by  chemical  sterilisation. 

Among  the  possible  agents  for  use  in  sterilization,  chlorine,  either 
as  chloride  of  lime  or  as  free  gaseous  chlorine,  appears  to  have  the 
highest  cost  efficiency.  An  amount  of  the  former  which  will  yield 
five  {aits  per  million  of  available  chlorine  was  found  to  have  destroyed 
99.96  per  cent,  of  the  total  bacteria  and  practically  all  of  the  &.  coli 
present  in  the  effluent  of  a  trickling  filter  1  rearing  crude  Boston 
sewage,  the  time  of  contact  having  been  two  hours.  The  est 
cost  of  such  treatment  is  $  1.0 5  per  million  gallons  of  sewage. 

The  use  of  gaseous  chlorine,  manufactured  at  the  disposal  works 
by  electrolytic  methods*  would  in  the  case  of  larger  works  consider* 
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ably  reduce  this  cost.  An  approximate  estimate  places  the  cost  of 
such  treatment  at  about  85  cents  per  million  gallons  of  sewage,  allow- 
ing five  parts  of  chlorine  per  million.  It  is  probable  that  the  chlorine 
in  this  form  is  somewhat  more  efficient. 

The  process  as  thus  outlined  is  entirely  feasible,  and  in  the  case 
of  large  works  it  is  cheaper  than  sand  filtration.  Further  experiments 
upon  a  large  scale  are  now  under  way  to  test  the  results  of  these 
experiments  and  to  get  more  accurate  cost  and  efficiency  data. 

Among  other  agents  which  may  be  used,  copper  sulphate  seems 
to  be  the  most  promising,  and  further  experimental  data  are  needed  to 
show  what  efficiency  may  be  expected  from  its  use. 
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THE  PREVENTION  OF  STREAM  POLLUTION  BY 
STRAWBOARD  WASTE1 

BY  BAKLE  BERNARD  PHELPS 

INTRODUCTION 

The  dUpo*&l  of  ilie  wasic  lii|tic»rs  resulting  from  the  manufacture  of 
*trawboard  farms  one  of  the  most  important  problems  connected  with 
the  prevention  of  stream  pollution.  In  1900  the  total  production  of 
arawboanl  in  the  United  States  was  157,554  tons  at  59  factories.  For 
ton  of  strawboard  manufactured  there  were  discharged  into  the 
streams  about  65 XXX)  gallons  of  waste  liquor  that  contained  1,173  pounds 
of  *fra*  and  mineral  matter  and  490  pounds  of  lime.  The  total  waste 
discharged  into  the  streams  in  1900  amounted  to  10.239710,000  gallons 
of  liquor,  containing  184.777.382  pounds  of  straw  and  mineral  matter 
and  77,191/160  pounds  of  lime.  This  enormous  waste  was  discharged 
by  59  plants  of  various  sizes,  but  as  most  of  these  mills  are  along  small 
stream*  the  resulting  pollution  is  very  apparent  Some  idea  of  the 
amount  of  this  pollution  may  be  obtained  from  Plate  I,  B.  The  baled 
«traw  shown  is  a  three  months'  supply  for  a  mill  having  an  output  of 
jo  low  a  day.  In  three  months  one* third  of  this  straw  will  be  discharged 
into  the  stream  as  waste  matter, 

The  problem  of  the  disposal  of  the  waste  water  has  been  studied  by 
rVofessor  R.  L.  Sackett,  of  Earlham  College/  and  the  present  investiga- 
tion is  a  continuation  of  the  work  of  Sackett  along  new  lines.  In 
approaching  the  problem  it  is  necessary  to  keep  constantly  in  mind  the 
economic  conditions  affecting  the  industry.   The  low  selling  price  of  the 
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product,  the  immense  vol  time  of  waste  water  necessary*  ami  the  fact  that 
competition  between  strawhoard  ami  other  forms  of  cheap  Uard  is  active, 
malt*  if  quite  impracticable  for  the  manufacturers  to  adopt  any  process 
tntolvtng  serious  expenditures.  The  solution  of  the  problem  must  be 
«Kight  in  a  process  which  will  show  an  actual  saving.  Aside  from  the 
matter  of  the  recovery  of  by-products  of  commercial  value,  this  means 
that  the  process  must  coutfK-tc  in  cost  with  the  present  unsatisfactory 
sedimentation  methods  employed  at  many  of  the  mills,  to  the  cost  of 
tthich  may  reasonably  hv  added  the  almost  constant  expense  of  lawsuits 
and  injunction  proceedings,  the  latter  in  some  cases  causing  the  closing 
of  the  mill. 

At  a  result  of  tins  study  it  has  been  found  that  sedimentation  of  the 
*a-4c  *atcr  for  a  short  jieriod.  followed  by  filtration  thru  UaA  Bl  Nfgtl 
rates — the  so-called  mechanical  filtration,  but  without  coagulants — will 
prodoce  an  effluent  from  which  more  than  90  per  eent.  of  the  suspended 
organic  matter  has  lieen  removed.  This  effluent,  while  not  ideal,  is 
probably  purified  to  such  an  extent  that,  allowing  a  factor  of  safety  of 
1  far  impurities  in  the  stream,  it  may  be  discharged  into  streams  having 

4  minimum  flow  of  twice  the  discharge  of  the  mill  without  producing  a 
nuisance.  The  cost  of  nitration  by  this  process,  after  the  initial  cost  of 
installation,  ts  practical])  reduced  to  the  cost  of  pumping  the  wash 
water.   The  final  mult  is  a  heavy  sludge,  whose  volume  is  less  than 

5  per  cent,  of  the  initial  volume  of  the  waste.  Ultimate  disposal  of  this 
dudge  could  be  made  either  by  discharge  over  land  for  spontaneous 
evaporation,  by  evaporation  by  means  of  artificial  heat,  or  by  filter  press- 
tog.    The  sludge  has  some  value  as  a  fertiliser,  and  there  are  also 

commercial  uses  to  which  it  seems  to  be  adapted. 

THE  MANUFACTURE  OF  STRAW  BOARD 

The  following  description  of  the  manufacture  of  strawboard  is  taken 
from  Protestor  SacJeett's  paper:1 

Steaming  in  Rotaaies 

•The  straw  ts  first  subjected  to  a  cooking  process  by  steam  and  Kmc. 
A  large  ellipsoidal  rotating  steel  boiler  called  a  'rotary*  ...  is  filled 

MfftfcarB»|Hity  and  Irrtfmiioa  Pftfttf*  No.  11  j.  L*«u«d  Stale*  Gcofaglca]  £«r*tj* 
'*>V  ft*  IJM5- 
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with  straw,  which  is  then  cooked  down  with  steam,  then  again  filled  and 
cooked  down  until  the  rotary  boiler  has  been  completely  filled.  The 
process  of  filling  a  rotary  occupies  from  six  to  twelve  hours.  The  final 
charge  consists  of  about  6  tons  of  straw  and  50  bushels,  or  2,100  pounds, 
of  lime  in  the  form  of  milk.  This  mixture  is  then  rotated  and  cooked 
under  40  pounds  of  steam  pressure  for  twelve  hours.  .  .  .  This  appar- 
ently severe  chemical  and  mechanical  action  results  in  a  rapid  softening 
of  the  woody  fiber  and  in  the  reduction  of  the  straw  to  a  dark  yellow, 
pulpy  mass.  This  'stock/  as  it  is  called,  is  stacked  in  piles  10  to  15  feet 
high  to  drain.  Concerning  the  action  which  takes  place  in  the  rotaries, 
the  Journal  of  the  Society  of  Chemical  Industry2  says: 

'"The  chemical  action  of  the  milk  of  lime  on  the  incrusting  materials 
surrounding  the  straw  fiber  is  not  a  vigorous  one.  'these  incrusting 
materials  are  not  completely,  nor,  indeed,  to  a  great  extent,  separated 
from  the  cellulose.  The  mineral  matter  remains  in  the  product  practi- 
cally untouched,  and  if  any  less  quantity  than  that  corresponding  to  the 
jK-rcentage  in  the  original  straw  operated  upon  exists  in  the  prepared 
pulp,  it  is  due  rather  to  the  washing  after  digestion  than  to  any  solvent 
action  of  the  milk  of  lime.  Milk  of  lime  under  certain  conditions  has 
a  bleaching  action  upon  the  straw.  It  neutralizes  the  organic  acids 
usualh  found  when  fibrous  plants  are  heated  for  any  length  of  time  in 
the  presence  ot  water.* 

"The  weld  of  pulp  at  this  point  will  be  from  75  to  80  per  cent,  of 
the  weight  of  the  original  material.  .  .  . 

"  I  hi-  material  is  allowed  to  stand  in  these  piles  for  twenty-four  hours 
or  -*vsv  to  drau\     \tter  it  i>  thu>  drained  it  contains  about  50  per  cent. 

w,iur  .o\l  iiv"  o  to  "  ivr  cent,  of  lr.ue.    This  is  equivalent  to  from 

:o  '.4  '.v.  vvui  ot  h-v.c  iv.  the  dr\  >traw.  Since  the  original  charge 
o:  *.* 'v  „t'\l  \',!  %iw  wax  the  i^roivrtion  o:  j.ico  pounds  of  lime  to 
14.  vov.'v.U  >t'.t\\  avvl  V-'v  or  aVu:  14  pe"  ceu:  lime,  practically 
:v:v  ,-;  :*n  a "uxl  ou:  w       :ho  vv-  u-s^i  steam.  This 

-m^v  .  "v  *-..\\     \-  -v       V.;    x  *  a*"  -.m-:      :he  waste  sewage. 

*x  n.-  .v»\  x\- ■■•  w  v.  h  .    "*  J.   v.i''  *       a  ^  *v.     c.:jLnt:ty  of  fiber 

\~0«V\,'   "    **    \  ■  "  v      \  -  *      n  ^ 

'  ,x  x    .  w>>    ^      x         \  v  .*>  v    v  •„       x  V'v  "."j"  thje  great 
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"•The  stock  U  ran  thru  washing  machines  for  the  purf>ose  of  remov- 
ing the  lime.  .  .  .  The  washing  machine  consists  of  an  oral  channel 
about  3  feet  wide,  around  which  the  stock  travels,  being  supplied  with  copi- 
am  volumes  of  water.  Across  this  channel  is  placed  a  cylinder,  42  inches 
:n  f hornet*  Md  U  IfldlCS  faflfi  bttftflg  bllllfllu'iml  ribs  r,r  Rang^fl 
about  three- fourths  of  an  inch  square  in  section  and  three-fourths  of  an 
inch  apart  Meshing  with  this,  like  the  teeth  of  geared  wheels,  is  an 
»Der,  below,  of  similar  siie  and  form.  These  wheels,  revolving,  lift 
the  water  and  straw  to  a  level  several  inches  higher  than  that  in  the 
oval  channel,  whence  it  flows  by  gravity  halfway  around  its  course  to 
a  point  where  it  meets  a  revolving  brass  screen  of  fine  mesh,  thru  winch 
a  part  of  the  water  escapes,  earning  witlHt  the  finer  particles  of  fiber 
ami  free  lime.  The  remaining  straw,  with  additional  volumes  of  fresh 
water,  now  passes  many  times  thru  the  rolls,  which  further  mash  and 
break  the  fiber,  and  around  to  the  screen,  where  more  straw,  lime,  and 
water  escape.  .  .  . 

Drying 

"After  the  washing  process  the  straw,  with  a  considerable  volume 
of  water.  Is  led  to  a  train  of  rolls,  consisting  of  three  parts — first,  the 
wet  end;  second,  the  hot  rolls;  third,  the  trimming  and  cutting  machine. 
.V*  it  comes  from  the  washer*  the  material  is  run  into  vats,  where  it  is 
mt*t  with  large  quantities  of  water  and  past  over  hollow  cylinders  hav- 
ing fine  wire-cloth  faces,  which  allow  the  water  to  escape,  leaving  the 
fiber  on  the  surface  of  the  cylinder.  The  fiber  is  then  taken  1>y  woolen 
felts,  which  are  prest  down  on  the  surface  of  the  cylinder.  This  makes 
a  web  of  paper  on  the  felt.  The  pulp,  which  is  now  about  one*thircl 
ttraw  and  two-thirds  water,  travels  up  and  down,  over  and  under  a 
•k ruble  train  of  hot  mils,  heated -by  steam  that  is  carried  in  thru  hollow 
hearing*.  As  the  pulp  passes  on  thru  the  train  it  is  constantly  prest  and 
dried,  until  finally  it  is  separated  from  its  cloth  support  and  goes  to  the 
trimming  macntne.  where  it  is  cut  into  sheets  of  proper  size.  It  now 
contains  about  10  |»cr  cent  of  water  and  a  small  quantity  of  lime.  The 
btmrd  is  manufactured  in  many  thicknesses  ami  weights.  Just  before 
it  b  trimmed  it  may  be  coated  on  one  or  both  sides  with  a  thin  pa  pet 
faring  or  finish." 
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THE  DISPOSAL  OF  WASTE  LIQUOR 
Method  in  Use 

At  present,  so  far  as  can  be  learned,  the  only  method  of  treating  the 
waste  liquor  in  actual  use  by  the  manufacturers  is  that  of  prolonged 
sedimentation  in  open  fields.  The  overflow  water  from  these  fields  is 
not  satisfactorily  clarified  at  all  times  of  the  year.  During  cold  weather 
it  is  fairly  clear  and  can  be  discharged  without  serious  harm.  During 
the  summer,  however,  a  very  offensive  fermentation  takes  place  in  the 
accumulated  sludge,  giving  rise  to  objectionable  odors  and  blackening 
the  water.  At  such  times  the  aim  is  to  hold  all  the  waste  water  in  the 
ponds,  trusting  to  evaporation  and  to  the  storage  capacity  of  the  ponds 
until  cold  weather  again  relieves  the  situation  and  the  increased  flow 
of  the  stream  permits  a  discharge  of  the  surplus  water  stored.  The 
most  serious  objection  to  this  process,  which  seems  to  be  satisfactory  to 
riparian  owners  below,  is  the  fact  that  these  ponds  are  continually  filling 
up  with  a  soft  mud,  which  destroys  their  function  as  sedimentation 
basins  and  renders  them  useless  for  other  purposes.  The  time  must 
come,  even  in  the  most  favorable  situation,  when  additional  land  cannot 
be  afforded  for  this  purpose.  A  second  objection  is  that  the  accumulated 
sludge  is  held  for  years  and  slowly  putrefies.  The  organic  matter  of 
the  waste  is  but  slightly  nitrogenous  and  is  fairly  stable.  It  probably 
contains  some  reducing  sugars  capable  of  rapid  fermentation  if  kept  in 
concentrated  form  and  if  given  at  the  same  time  some  nitrogenous 
matter.  The  slow  decomposition  of  the  stable  straw  material  supplies 
the  necessary  nitrogen,  ami  the  result  is  a  very  rapid  multiplication  of 
the  putrefactive  organisms  and  an  accompanying  offensive  putrefaction. 
1-aboratory  experiments  have  shown  that  the  soluble  sugars  by  them- 
selves, as  found  in  a  filtered  sample  of  the  waste  water,  do  not  ferment 
or  decompose,  and  that  even  the  unfiltered  waste  is  not  subject  to  a  quick 
putrefaction  >uch  a<  characters  res  sewage  matter.  In  fact,  bottles  have 
been  stored  tor  oxer  a  xear  xxithout  any  evivier.ee  of  fermentation,  and 
it  may  very  rea^onah'x  !>e  held  that  the  necosary  nitrogen  comes  largely 
from  the  hottom  of  the  :v:\:<.  rathe-  than  fro—  the  sh.tvtge  itself.  Inspec- 
tion of  the  <:team  V'oxx  of  thoc  :v\:^  <h  \\cv.  that,  while  putre- 
faction \\a<  \;vv  o  v.ofvV.Ove  am:  :vt  a:  a".  mV">ive  ir.  the  pond  itself, 
the  ad—twmv  of  ^-o  o:  t  v<  water  \x-.th  that  f  a  small  brook,  highly 
:v\h:tevi  xx-th  the  rcf:>e  of  a  ^'ave'-te- \  -.>e.  *  *  a  :.  immediately  a  very 
•TtenNive  re<mt.     l:txe-t'gatrxm.  of  the  or\!  tv  .     the  streams  below 


Earlr  Bernard  t'htips 


Ih  reveals  the  fact  that  the  most  serious  nuisance  generally 
at  1  point  very  remote  from  the  mill  itself  It  is  directly  caused 
by  the  hIow  dco imposition  of  material  deposited  in  the  bed  of  the  stream. 
The  conditions  air  doubtless  aggravated  by  the  simultaneous  precipita- 
tion of  other  polluting  substances,  notably  sewage,  brought  about  by  the 
free  lime  of  die  strawboard  waste* 

The  effective  solution  of  the  problem  lies  in  the  rapid  separation  of 
the  wild  matter  from  the  dissolved  sugars  and  lime  and  a  subsequent 
dilution  of  the  latter  so  that  they  shall  be  innocuous.  The  insoluble 
material  when  dry  is  entirely  stable.  The  present  system,  therefore,  is 
not  only  unsatisfactory  from  the  economic  side,  but  it  works  on  a  wrong 
principle  for  satisfactory  purification  in  that  it  encourages  putrefaction* 
The  cost  of  these  ponds  at  four  of  the  larger  mills  of  the  United 
Box-board  and  Paper  Company,  as  stated  by  an  official  of  that  company, 
has  been,  in  round  numbers,  to  date,  $iofooo,  $15,000,  $18,000,  and  $8,000. 
la  the  last  case  the  results  were  still  unsatisfactory,  and  after  a  consid- 
erable expenditure  on  other  experiment*  the  company  has  been  obliged 
fc>  dose  this  mill 

Propdskd  Methods 

Centrifugal  Separation 

Centrifugal  separation  of  the  solid  matter  from  the  liquor  was  tried 
at  Tiffin,  Ohio,  in  1904.  It  has  not  been  possible  to  obtain  more  definite 
information  concerning  those  experiments  than  is  contained  in  the  trade 
papers  of  that  time.  It  is  understood,  however,  that  the  results  were 
quite  satisfactory,  but  that  the  cost  of  operation  was  prohibitive.  The 
account  referred  to  (see  Paper  Trade  Journal,  February  2,  1905)  states 
that  the  effluent  was  clear  and  colorless  and  that  the  residue  was  found 
by  analysis  to  be  valuable  as  a  fertilizer. 

Precipitation  with  Carbon  Dioxide 

Aft  a  result  of  his  investigations  Sackett  concluded  that  plain  sedi- 
mentation would  remove  about  10  per  cent  of  the  suspended  solids  hi 
t*mty*fcmr  hoars,  and  that  during  the  ensuing  twenty-four  hours  the 
additional  removal  was  very  slight;  that  good  purification  could  be 
effected  by  chemical  precipitation  only  by  using  sulfate  of  aluminum 
in  excessive  amounts  and  at  an  entirely  prohibitive  cost;  that  sulfate 
of  iron  gave  inferior  and  unsatisfactory  results;  and,  finally*  that  by  a 
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process  of  precipitation  with  carbon  dioxide  and  lime  an  average  removal 
of  85  per  cent,  of  the  suspended  matter  could  be  effected. 

The  process  recommended  by  Sackett  consists  in  (a)  saturation  of 
the  waste  water  with  carbon  dioxide  to  form  bicarbonate  with  all  the 
lime  present;  (b)  addition  of  lime  equal  to  that  already  present  to  form 
a  normal  carbonate;  (c)  sedimentation  of  the  precipitated  carbonate  and 
consequent  dragging  down  of  some  of  the  organic  matter;  and  (d)  fil- 
tration of  the  resulting  clarified  liquor  thru  sand  at  rates  of  500,000  to 
2,000,000  gallons  per  acre  per  day.  This  process  has  never  been  used 
by  manufacturers  so  far  as  the  writer  is  aware. 

It  does  not  appear  from  Sackett's  report  that  he  tried  the  simpler 
but  equivalent  process  of  saturating  one-half  the  total  volume  with  car- 
bon dioxide  and  then  mixing  with  the  other  half.  Such  treatment  would 
doubtless  have  precipitated  the  calcium  fully  as  well,  with  a  saving  of 
one-half  the  carbon  dioxide  and  all  the  lime  required  by  the  process 
recommended.  An  examination  of  the  analytical  data  shows  that  the 
removal  of  suspended  organic  matter  accomplished  by  the  precipitation 
and  sedimentation  processes  varied  from  zero  to  75  per  cent.,  with  a 
mean  value  of  37  per  cent.  Experiments  on  plain  sedimentation,  made 
by  the  writer  both  in  the  laboratory  and  on  a  large  scale  in  the  field, 
show  it  to  be  equally  efficient  for  the  removal  of  suspended  organic 
matter.  The  fact  is  that  the  precipitated  carbonate  of  calcium  is  very 
finely  divided  and  has  no  value  as  a  coagulant.  The  process  is  valuable 
to  remove  the  lime,  if  that  Ik*  desirable.  It  hardly  seems,  however,  that 
the  value  of  discharging  a  lime- free  effluent  into  the  hard  waters  of  the 
Middle  West  is  at  all  commensurate  with  the  cost  of  treatment. 

I  A  MORATORY  INVESTIGATIONS 

Uikmu  \i  Sni>\  ok  ruF  Soi.rtu.K  Matter 

Several  barrels  ot  the  straw  Ivard  waste  liquor  were  shipped  to  Bos- 
ton from  one  ot  the  mdU  ot  the  I 'nited  l»o\-hoard  and  Paper  Company, 
and  on  thi>  materia!  a  *eucs  ot  m\esti$;at»ovx  was  carried  out.  Sackett  "s 
experiment^  with  \anoi»s  ewi^'a'.antN  wee  repeated  :irA  his  results 
confirmed  li  wa>  foimd  i\u  i'v  '.wr  rex-.'!;*  obtained  with  any  but 
excevNise  amom»i>  o»  ""M  oi  N-.'ia:c  we^e  dv.e  to  the  presence 

ot  a  suKxUnce  m  noI'.uiom  which  ?o:-,,,n  no!uNc  cor^m.atvrts  with  those 
metaK.     Thtx  miNaI.okv  was  isolated  S  piec:i»:;a:-.or  w::h  hydrochloric 


Earte  Btrmird  Pketfs 

after  repealed  purification  was  found  to  have  the  following 
*2s:  It  is  an  organic  acid,  probably  related  to  the  humic  or 
tdmtc  acid*  of  the  soil  and  peaty  waters.  It  exists  in  the  waste  water 
A*  a  calcium  salt,  having  partially  neutralized  the  free  lime  used  in  the 
digestion*  It  is  precipitated  by  strong  acids,  coming  out  as  a  dark-red 
oubtancc  which  turns  brown  on  slow  oxidation  in  the  air  It  can  l»c 
rrdhk*olved  in  a  solution  of  sodium  carbonate,  giving  a  garnet-red 
tohfttcxi.  It  dissolves  in  alcohol,  giving  a  deep- red  color,  but  oxidizes 
to  a  brown,  insoluble  substance.  Its  calcium  and  aluminum  salts  are 
not  notable  when  prepared  from  the  insoluble  acid,  but  the  acid  cannot 
be  precipitated  from  it*  solutions  by  these  metals.  It  appears  that  there 
are  formed  colloidal  suspensions  of  the  calcium  and  aluminum  salts. 
The  dilutions  have  a  bright  yellow  color  and  colloidal  appearance.  The 
iron  compound  U  similar  but  of  a  green  color.  The  sodium  salt  appears 
to  be  soluble  and  to  dissociate  into  deeply  colored  acid  ions. 

A  second  substance  isolated  from  the  waste  has  the  following  prop- 
erties; It  b  soluble  in  water  and  not  precipitated  by  any  of  the  common 
precipitant*,  including  alum,  ferrous  sulfate,  lead  acetate  (normal  or 
haw),  carbonates,  hydrates,  or  adds.  It  is  responsible  for  a  large  part 
of  the  color  of  the  water  and  cannot  be  removed  by  any  practical 
method. 

These  two  substances  with  the  lime  make  up  the  greater  part  of  the 
dbaolvrd  material  They  are  entirely  stable  and  do  not  undergo  putre- 
factive change  when  stored  in  the  incubator,  either  alone  or  mixt  with 
varying  proportions  of  tap  water.  In  addition  to  these  substances  small 
of  reducible  sugars  are  present.  The  amount  is  so  small  that 
m  any  material  dilution  of  the  liquor  the  dilution  of  these  sugars  will 
prevent  their  manifesting  themselves  a*  putrefactive  agents.  These 
fugart  are  probably  responsible  for  the  slow  fermentation  in  the  sedi- 
rtation  fields  after  the  lime  has  been  sufficiently  removed  to  allow 
action  to  proceed. 

PftKciprrATioN  Experiments 

Substances  in  suspension  may  Ik  removed  by  (titration  or  by  sedi- 
mentation, When  the  material  is  finely  divided  or  of  low  specific  gravity, 
cither  procesa  may  sometimes  be  assisted  by  the  application  of  suitable 
ciofful.inN  i  It  r  tui-l  to  clot  the  small  particles  into  larger  flake*, 
and  by  their  own  greater  density  carry  the  dotted  material  to  the 
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bottom.  Two  chemical  substances  are  required,  as  a  rule,  to  produce 
the  necessary  precipitation,  one  of  which  is  generally  the  calcium  bicar- 
bonate found  normally  in  the  water.  This  calcium  salt  reacts  with  the 
sulfates  of  certain  metals,  notably  iron  or  aluminum,  to  produce  the 
sulfate  of  calcium  and  the  hydrates  of  the  corresponding  metals.  In 
the  present  case  there  is  a  large  amount  of  free  lime  in  solution.  It 
would  seem,  therefore,  that  precipitation  might  be  brought  about  by  the 
addition  of  either  copperas  or  alum.  Experiments  showed  that  cop- 
peras failed  to  react  at  all  and  that  fair  results  could  be  obtained  with 
alum,  but  only  at  a  prohibitive  cost.  As  will  be  seen  in  the  accompanying 
tables  of  results,  the  removal  of  organic  matter  by  alum  was  much 
better  than  that  obtained  by  plain  sedimentation. 


Results  of  Precipitation  Experiment  on  Strawboard  Waste 


Sample. 

Suspkndbd  Solids. 

Present. 

Removed. 

Parts  per  million. 

1,350 

Percent. 

Waste  after  two  hours* 

sedimentation : 

With  coagulant  *  . 

120 

91 

Without  coagulant 

5«0 

59 

•  The  coagulant  used  was  alum  in  the  proportion  of  10  grains  of  sulfate  of  aluminum  per  gallon. 


Increasing  the  amount  of  aluminum  sulfate  gave  practically  the 
same  result.  Smaller  amounts  gave  indefinite  and  at  times  negative 
rcsult>.  The  u^e  ot  10  grain<  per  gallon  of  sulfate  of  aluminum  at  I  cent 
a  pound  would  represent  a  co<t  of  about  4^  cents  per  ton  of  finished 
product  of  the  mill.  The  >tudie>  on  the  nature  of  the  dissolved  material 
already  referred  to  explain  these  poor  precipitation  results  with  alum. 
Soluble  compound^  are  :ormed  the  orgav.v  ac:d.  i:>tead  of  aluminum 
hydrate,  the  denned  coa^-la'*: 

ExjxTuri  r.:^  weir  ^\u'.e  wf:  carV".  ,:;  x-..h  aoc --rding  to  Sackett's 
prixxdure.  rod  h^   sv^r.:*  w -  \    v\  .      .  :  .  :\    w      but  a  slight 

removal  of  ^^'v^y.:  «  "  >•■"  *  '  .  :  ^    v  -  c^r.;.  —  which  could 

be  produced  o/.-.do   \w '!  V\  v*.  *  >  v.nder  actual 

working  v\  >\\Cw\ w      >v  d*.:**.er.;a'»*.  ;s.  w.^  \  v\;r.  ::\.re  effective. 
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SEDIMENTATION  EXPERIMENTS 

In  a  study  of  plain  sedimentation  it  is  Important  to  know  the  rate 
of  sedimentation  and  how  this  varies  with  the  time*  With  satisfactory 
ibta  on  this  point  it  i*  possible  to  estimate  the  amount  of  clarification 
whkh  may  be  expected  to  result  from  any  given  period  of  sedimenta- 
tion, and  to  establish  the  most  suitable  period  for  the  case  in  hand.  It 
was  observed  early  tn  this  work  that  apparently  a  large  portion  of  the 
suspended  solids  settled  out  in  a  very  short  time,  and  that  to  all  appear- 
ances further  improvement  was  extremely  slow.  The  determinations 
of  the  total  solids  given  in  the  following  table  show  that  there  is  no 
practical  advantage  in  sedimentation  for  a  period  of  much  over  one 
hour, 

KrrmcT  or  Sum  mutt  atiom  ok  Straw  board  Wastk 


Present. 

m»  iv  tit 

F*rt»  per 

Per  c»ut. 

wa 

n 

f  iptmatint  liter  twelve  boor*  ......  ,  .  ,  ,  , 

in 

- 

Summary 

As  a  summary  of  the  laboratory  investigations,  it  may  be  said  that 
the  removal  of  the  dissolved  coloring  and  other  organic  matter  and  the 
Sme  in  an  economical  way  is  impractical;  that  by  plain  sedimentation 
a  removal  of  suspended  material  practically  a*  good  as  the  best  removal 
observed  with  the  use  of  a  coagulant  can  be  accomplished ;  and  that 
a  sedimentation  period  of  one  hour  is  sufficient  for  the  removal  of 
about  60  per  cent  of  the  suspended  solids,  a  longer  period  increasing 
this  removal  but  slightly.  For  the  removal  of  the  remainder  of  the 
suspended  matter  there  remains  but  one  process  —  hit  rat  ion.  It  was 
therefore  decided  to  make  an  actual  field  test  of  this  method  uf  purific 
tkm.  The  very  large  amount*  of  subtended  matter  to  W  hand) 
«eemed  to  eliminate  at  the  outset  the  possible  use  of  slow  sand  filtration, 
«o  that  k  was  obvious  that  mechanical  filtration  at  high  rates  and  with 
tome  provision  for  removing  the  accumulated  sludge  from  the  surface 
of  lilt  Chart  was  the  only  system  applicable  to  the  problem. 
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FIELD  INVESTIGATIONS 

Acknowledgments 

In  March  and  April,  1905,  a  visit  was  made  to  one  of  the  mills  of 
the  United  Box-board  and  Paper  Company,  at  Urbana,  Ohio.  Every 
opportunity  was  given  the  writer  to  make  a  thoro  study  of  the  proc- 
esses of  manufacture,  and  it  is  here  desired,  to  make  suitable  acknowl- 
edgments to  Mr.  Rush  E.  Evans,  division  manager,  and  to  Mr.  D.  C. 
Amerine,  superintendent,  for  the  many  courtesies  extended,  both  on 
that  occasion  and  during  the  subsequent  visit  for  the  installation  of  an 
experimental  plant. 

Amount  of  Water  Used 

It  was  found  that  conditions  were  favorable  for  measuring  the  entire 
volume  of  waste  water,  as  it  left  the  mill  in  a  waste  flume.  As  a 
check  on  these  measurements,  observations  of  the  rate  of  operation  of 
the  pump  were  made,  all  the  water  used  being  pumped  from  a  large 
well  under  the  mill. 

A  rectangular  flume,  whose  mean  width  was  1.96  feet,  was  used  for 
these  measurements.  A  distance  of  100  feet  was  measured  off  in  a 
portion  where  the  slope  was  practically  constant.  To  determine  the 
velocity  of  flow  at  various  elevations  in  the  flume,  a  float  was  used 
which  was  nearly  as  long  as  the  width  of  the  flume  and  was  provided 
with  vanes  underneath,  so  that  it  always  floated  squarely  across  the 
flume.  The  following  observations  are  the  mean  of  a  large  number 
made  at  various  elevations  of  water  in  the  flume. 

Mean  IHrrH,  Velocity,  anp  Flow  of  Waste  Water  in  Flume 

OK  Mill   or  I'NITKP  NoX-BOARP  ASP  PAPER  COMFAXT, 

I*  r  ban  a,  Ohio 

lV^h  v>l  «4t*t,     \>Kvt|\  ol  Aita  oi  ct\v*»«v:'.oii.  Flow. 
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These  values  of  the  depth  and  the  corresponding  flow  were  I 
plotted.   The  motf  probable  line  was  drawn  thru  them,  and  (hat  curve 
wis  used  as  the  true  rating  curve  of  the  flume  in  the  subsequer 


During  the  two  hours  from  1045  a.m.  to  1245  p.m.,  March  30, 
test  run  was  made  to  determine  the  total  flow*  The  following  reading 
<»f  the  elevation  of  the  water  in  the  wa«*te  flume  were  made,  and  from 
these  readings  has  been  calculated  the  total  flow  for  the  two  hours. 

Wtam  or  Wast*  Watvx  is  Plums  or  Mill  or  Umrrito  Box-hoard  ajco 

f»ATCft  COMTAXY,  Uft»A*A,  OHIO,  MaRCK  JO,  1905 
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Thb  total  flow  of  20400  cubic  feet  in  two  hours  represents 
average  flow  of  2.69  cubic  feet  per  second. 

A  few  measurement*  were  made  of  the  water  running  in  the  waste 
flume  when  the  beaters  were  not  running  and  again  when  the  paper 
was  stopt.   The  flow  from  the  machine  wis  found  to  be  fairlv 
at  at  14  cubic  feet  per  second,  and  the  beaters  were  found  u 
tfacharge  amounts  of  1.2  to  1.8  cubic  feel  per  second,  depending 
the  number  of  beaters  in  operation  at  the  time. 

During  the  test  run  observation*  of  the  rate  of  operation  of  the 
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pump  were  made  at  short  intervals.  The  pump  was  a  double-acting 
duplex  Smith-Vaile  pump,  with  water  cylinders  14  inches  in  diameter 
and  with  a  stroke  of  15  inches.  Slip  being  neglected,  the  capacity  of 
the  pump  is,  therefore,  1.335  cubic  feet  per  stroke,  or  5.340  cubic  feet 
per  complete  revolution.  Following  are  the  observations  made  on  the 
pump  and  the  calculated  rate  of  pumping: 


Discharge  ok  Pump  at  Mill  of  United  Box-board  and  Paper  Company, 
Urbana,  Ohio,  March  jo,  1905 
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of  water  was  being  wasted  from  the  engine  condenser.  This  stream  was 
roughly  estimated  by  float  measurements  to  be  about  0.3  cubic  foot  per 
ten**!,  or  2,160  cubic  feet  during  the  two  hours  of  the  run.  These 
three  corrections  amount  to  2.888  cubic  feet,  which  is  to  be  subtracted 
from  the  total  pumped,  21,888  cubic  feet,  leaving  a  net  pumpage  of 
19x00  cubic  feet  for  two  hours,  or  2,64  cubic  feet  per  second,  a  result 
in  close  agreement  with  the  2.69  cubic  feet  per  second  measured  in  the 
flume. 

Raw  Material  and  Finished  Product 

run,  careful  weighings  were  made  of  the  amount  of 
d.  The  figures  were  as  folbws: 

Piooocr  or  Mill  or  United  Box-boaed  and  Papee  Cohpany, 
Ueeaxa,  Ohio,  run  Two  Hours,  Maecu  jo,  1905 

Pnurwjt 

t  product  iM\ 

W«*i»  *mi  turning   \m 

Nat  prduct  *  4Mb 

ig  the  total  amount  of  waste  liquor.  20400  cubic  feet,  by  the 
of  net  product  gives  8.780  cubic  feet,  or,  roughly,  65,000  gallons 
per  too  of  product   As  the  daily  product  of  this  mill  is  about  30  tons, 
about  1 .900,000  gallons  of  waste  water  are  discharged  each  day. 

The  charge  of  one  rotary  was  carefully  weighed.  There  were  used 
133  bales  of  straw,  of  an  average  weight  of  102  pounds,  or  a  total  of 
13J600  pounds  of  straw.  The  amount  of  lime  was  weighed,  but  the 
weight  was  somewhat  in  excess  of  the  average  amount  used,  as  deter- 
by  the  total  weekly  consumption  of  lime.  The  latter  figure, 
rbkh  is  2<ioo  pounds  per  charge,  will  therefore  be  used.  The  total 
amount  of  straw  u*ed  in  the  7  rotaries  is  accordingly  95,200  pounds 
per  day,  and  of  lime,  14,700  pounds  per  day.  Subtracting  from  this 
the  6ojoco  pounds  of  finished  product  leaves  a  waste  of  35,200  pounds 
of  vegetable  and  mineral  matter  from  the  straw  and  14.700  j>ounds  of 
time,  which  is  carried  off  each  day  in  the  1.9  million  gallons  of  water. 
Calculated  into  parts  per  million,  these  figures  give  about  2400  parts 
of  straw  material  and  about  t.ooo  parts  of  lime.  Analyses  of  average 
simple*  of  the  waste  water  gave  about  600  parts  of  calcium  or  840 
parts  of  lime  per  million.  The  difference  is  due  partly  to  the  loss  of 
Itme  during  the  draining  of  the  digested  pulp  and  largely  to  impurity 
the  lime. 
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Character  of  the  Machine  Water 

Determinations  of  the  lime  were  made  on  the  well  water  and  on  the 
various  waste  waters.  It  was  found  that  the  greater  part  of  the  lime 
is  washt  out  in  the  beaters,  and  that  the  water  from  the  machine  con- 
tained but  little  lime  in  excess  of  that  in  the  raw  water.  The  actual 
figures  were: 

Calcium  in  Waste  Water 

(Parts  per  million) 

Well  water   238 

Beater  water   1,164 

Machine  water   880 

A  rough  determination  of  the  impurities  was  made  Dy  precipitating 
the  lime  and  organic  matter,  with  a  large  excess  of  alum.  A  6-inch 
column  of  the  beater  water  gave  a  layer  of  precipitate  an  inch  thick, 
while  the  amount  obtained  from  the  machine  water  was  too  small  to 
be  measured. 

Mechanical  Filtration 

In  May,  1906,  a  small  experimental  filter  was  installed  at  this  mill, 
in  order  to  obtain  some  practical  data  on  the  efficiency  of  treating  the 
waste  by  mechanical  filtration.  The  filter  and  accessories  were  loaned 
by  the  New  York  Continental  Jewell  Filtration  Company,  of  New 
York,  thru  the  courtesy  of  Mr.  R.  E.  Milligan,  assistant  general  man- 
ager, and  the  exj>enses  of  shipment  and  installation/ were  borne  by  the 
paper  company. 

Description  of  the  Filter 

The  filter  used  is  shown  in  Figure  1.  The  waste  water,  after  passing 
the  regulating  butterfly  valve,  divided  into  two  streams  and  entered  the 
bottoms  of  the  two  sedimentation  tanks.  These  tanks  were  of  cypress, 
each  having  a  diameter  of  4  feet  and  a  depth  to  the  overflow  line  of 
3.2  feet.  The  capacity  of  the  two  was  (03  gallons.  The  water  was 
delivered  to  the  tanks  thru  half -inch  holes  in  the  sides  of  risers  extend- 
ing to  the  surface.  The  vertical  distribution  was.  therefore,  very  uniform. 
Vertical  bafHe>  cau>ed  the  water  to  How  completely  t::ru  the  tanks,  and 
a  tunnel- shajHxl  ovv»':ow  collected  the  clarified  \\a:er  fror:?  the  surface 
of  each  tank  and  deleted  it  to  the  surface  of  :he  filter.  The  filter 
proper  was  ot  *;a'va».v.»vd  non,  set  upon  a  ea*Mron  Sa>e.  provided  with 
a  false  bottom  ot  nuv' brav*  >crwiuug  rite  vt'a>x-:cr  of  the  filter  was 
jo  inches,  and  n>  total  depth  to  the  talvr  bottom  »a>  5  feet.  Suitable 
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Fwv  i—  Tut  Fum 

cimnectfcMi  and  valves  were  provided,  as  shown  in  the  drawing,  so  that 
the  raflurnt  and  the  effluent  water  could  lie  cut  off,  a  ftiream  of  wash 
water  cuuld  lie  admitted  from  the      torn,  and  the  dirty  wash  water. 
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nvnl\<rAtnv  1rnm  tin-  tt*\,f  kmA  *?ther  he  *a-ted  thru  the  sewer  con- 
tmUnu  or  t*Uitttt(\  to  \\n-  imitation  tanks.  The  device  for  stirring 
iIm*  shtui  during  *>h  \i\nv  mA si*  operated  by  hand.  Wash  water  was  sup- 
plied from  an  Hevaf-d  tank  under  -rich  a  head  that  a  maximum  flow 
nt  J$  ifii\lni>.  prr  mini  it*-,  or  12  gallon^  per  square  foot  per  minute,  was 
\m$z\\tU'  A  Huh  of  aUitit  8  gallons  per  -rfjuare  toot  per  minute  was  gen- 
ri  ally  nwd  Suitable  rotmertions  were  aki  made  between  the  bottoms 
ol  I  In-  :»ri  In  tin  1  t;it  ion  tanks  and  the  sewer.  A  50-gallon  barrel  at  the 
mil  nl  I  In-  >.«'vvrr  linr  served  a*  a  measuring  tank  for  the  wash  water 
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l#cmted  lijr  di*charging  into  a  large  measuring  tank.  The  rough  field 
value*  were  found  to  lie  substantially  correct- 

The  rate  uf  inflow  to  the  tanks  was  adjusted  to  the  rate  of  filtration 
hf  the  butterfly  valve,  actuated  by  a  float  in  one  of  the  tanks  (not 
ffcamrtt).  The  filter  was  filled  to  a  depth  of  3  feet  with  clean  16-30 
beach  Mind,  i  f.t  sand  which  will  all  pass  a  screen  with  16  meshes  to 
the  linear  inch  and  tie  retained  on  a  screen  with  30  meshes.  The  water 
line  was  iM  inches  above  the  surface  of  the  sand. 

The  appearance  of  the  filter  and  sedimentation  tanks  as  they  were  s 
up  t*  well  *hown  in  Plate  11.  Plate  11,  A,  shows  the  sedimentation  tan" 
the  influent  pipe  and  controlling  valves,  and  the  lever  arm  of  the  float 
«{>e rating  the  butterfly  valve.  Plate  II,  Bt  shows  the  filter  itself,  the  loss- 
uf -head  {age,  and  the  connections  with  the  tanks  and  the  sewer.  To 
the  extreme  right  is  the  measuring  tank,  and  passing  between  the  two 
tank*  on  the  ground  the  wash- water  pipe  line  can  be  seen.  The  outlet 
<*f  the  filter  is  hidden  from  view  behind  the  mound  of  earth  in  the 
1*  »reground» 

Preliminary  Sedimentation 

A  ntrmher  of  tests  were  first  made  to  determine  the  rate  of  change 
in  the  loa*  of  bead  during  filtration  with  varying  periods  of  prelimi- 
nary ted  indentation,  A  uniform  rate  of  filtration  of  3*25  gallons  per 
minute*  equivalent  to  a  rate  of  100,000,000  gallons  per  acre  per  tlay* 
«m  maintained.  The  capacity  of  each  of  the  sedimentation  tanks  was 
jpo  gallons  to  the  overflow  tine,  so  that  one  tank  alone  gave  a  mean 
Ouiagr  capacity  of  one  and  one-half  hours  and  the  two  tanks  taken 
together  three  hours.  During  the  first  series  of  tests  both  sedimenta- 
tion tanks  were  used.  The  following  table  shows  the  relation  of  loss 
of  head  to  the  quantity  of  water  filtered,  the  run  in  question  being  a 
fair  average  erf  the  five  made  in  this  way.  The  results  of  aD  the  five 
test*  were  practically  identical 
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The  maximum  I  -  >t  hratl  pusviMc  was  55  inches.   The  mean  re- 
sults from  the  above  and  four  similar  tests  gave  585  gallons  of  wat 
tittered  before  the  loss  of  head  was  total 

One  of  the  sedimentation  tanks  was  then  cut  out  of  service  and  th 
period  of  sedimentation  correspondingly  reduced  to  one  and  one-hat 
hour*.    Foot  runs  to  determine  the  maximum  amount  which  could  be 
past  under  the  condition*  gave  a  mean  result  of  575  gallons,  in  prac- 
tical agreement  with  that  of  the  first  series.    It  is  apparent  that  a 
period  of  one  and  one* half  hours  was  sufficient  for  the  removal  of  U12 
tmrtkm  of  the  susjieniled  matter  which  can  be  removed  by  scdirncnta 
toon.    An  examination  of  the  water  during  sedimentation  in  a  glas 
vessel  tended  Co  confirm  thU  conclusion.   The  suspended  matter  apj>ca 
i»  be  of  two  distinct  kinds.    One  is  very  finely  divided  and  light  an 
•Iocs  not  settle  out  even  on  prolonged  sedimentation.    The  other 
and  heavy  and  settles  rapidly  and  completely.    It  was  not  co 
with  the  apparatus  at  hand  to  reduce  further  the  period  of  sctf 
mentation.    The  laboratory  experiments  quoted  earlier  in  this 
indicated  that  a  period  of  one  hour  would  accomplish  practically  the 
mult  a*  more  prolonged  >cdmictiUikiu. 
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Amount  of  Wash  Water 

The  pressure  on  the  wash-water  pipe  line  was  sufficient  to  give  an 
upward  flow  thru  the  filter  of  25  gallons  per  minute,  or  about  12  gal- 
lons per  minute  per  square  foot  of  surface.  In  practise,  flows  of  8  to 
10  gallons  per  square  foot  per  minute  were  used.  After  each  of  the 
test  runs  just  described,  the  filter  was  washt  with  an  amount  of  water 
varying  from  50  to  100  gallons  for  two  and  one-half  to  five  minutes, 
the  wash  water  being  carefully  measured.  Observations  of  the  sur- 
face of  the  filter  showed  plainly  that  the  shorter  period  of  washing  was 
sufficient  and  that  the  longer  periods  did  not  in  any  case  increase  the 
quantity  filtered  during  the  succeeding  run.  The  material  deposited 
on  the  surface  was  exceedingly  light  and  finely  divided,  and  required 
but  little  water  for  its  removal.  The  stirring  device  used  was  not  well 
adapted  to  the  purpose,  since  there  was  little  penetration  of  the  sand  by 
the  suspended  material.  An  air  blast  or  some  device  which  would 
thoroly  agitate  the  surface  before  washing  would  undoubtedly  make 
jmssible  the  use  of  still  less  wash  water.  Allowing  50  gallons  for  each 
wash,  with  an  average  quantity  of  575  gallons  per  run  filtered,  gives 
a  little  less  than  <)  per  cent,  wash  water. 

The  loss  of  head  in  these  tests  bears  out  a  fact  of  general  observa- 
tion, that  the  loss  of  head  increases  at  a  fairly  constant  rate  during 
the  run.  Such  being  the  case,  it  is  quite  evident  that  with  a  deeper 
filter  the  quantity  filtered  between  washings  would  be  proportionately 
increased.  The  amount  of  wash  water  would,  on  the  other  hand,  remain 
constant  or  increase  but  slightly.  It  is  therefore  safe  to  say  that  with 
a  filter  having  an  available  loss  of  head  of  o  to  12  feet  an  average  run 
of  six  hours  oi  more  could  be  maintained  and  the  amount  of  wash  water 
could  he  reduced  to  less  than  5  per  cent. 
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,  ipfod         r,.  .li'jm^  Mt  ii  is  ti.  return  it  directly  to  the  scdimcnta 
tkn  tartW>    The  material  on  the  filter  is  so  prest  together  into  small 
fumy*  that  it  settles  rapidly.    The  problem  uf  the  ultimate  disposal  o' 
the  sludge  from  the  tanks  will  be  taken  up  in  another  place* 

Character  of  Effluent 

Complete  chemical  analyses  of  the  waters  before  and  after  treat- 
ment during  these  experiments  were  neither  desirable  nor  feasible. 
The  determination  of  the  total  organic  solids  contained  in  the  water 
H  the  only  analytical  determination  which  would  be  of  service  in  est* 
mating  the  efficiency  of  the  process*    This  determination  might  have 
been  made  by  the  usual  indirect  method,  i.  f,  by  the  difference  lietween 
the  total  and  the  fixt  or  mineral  solids.   That  determination  is,  however 
not  well  adapted  to  field  conditions,  and  small  changes  in  the  organi 
o  intent  *ouk]  be  entirely  masked  by  the  relatively  large  amount  o 
mineral  residue  present   It  was  found  in  the  laboratory  studies  on  th 
wa>tc  liquor  that  estimating  the  efficiency  of  the  various  precipitatio 
methods  on  the  basts  of  this  organic-solids  determination,  and  also  on 
the  tiasts  of  the  oxygen-consumed  method,  gave  practically  the  same 
result*.    In  other  words,  the  organic  matter  present  is  fairly  homog 
mow  in  character,  as  might  well  be  expected,  and  the  oxygen-consum 
figures,  altho  purely  relative,  are  therefore  a  reliable  measure  of  th 
amount  of  organic  matter  present.   This  test,  therefore,  and  the  deter 
minarkin  of  the  turbidity,  or  suspended  solids,  by  the  well-known  Jack 
son  turbidimeter  method,  were  used  in  this  work  to  determine  t 
quantity  of  the  organic  and  the  suspended  matter,  respectively. 

During  the  two  three-hour  runs  samples  for  analysis  were  collected 
every  ten  minutes  from  the  raw  liquor,  sedimented  liquor,  and  final 
effluent,  the  small  samples  being  mixt  together  to  obtain  an  average 
sample  for  the  run.    In  both  cases  the  rate  was  maintained  at  y2 
galloiis  per  minute.  The  following  data  of  the  test  were  obtained: 
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The  chemical  analyses  for  the  two  sets  were  very  similar.  The  fol- 
lowing table  shows  the  mean  values  obtained: 

Analyses  of  Raw  Liquor,  Settled  Liquor,  and  Effluent 


Puts  per 
million. 

Percent. 

Raw  liquor. 

Oxygen  consumed : 

MOO 

•  • 

2,000 

Suspended  

7,400 

28,000 

•  • 

Settled  liquor. 

Oxygen  consumed : 

0,200 

84 

1,000 

20 

4,000 

88 

A  Af\£\ 

4,4UU 

OA 

Effluent. 

Oxygen  consumed : 

2,200 

77 

1,700 

15 

600 

93 

575 

08 

The  appearance  of  the  effluent  frequently  changed  materially  dur- 
ing the  run.  Contrary  to  expectations  and  general  experience,  the 
best  effluent  was  always  obtained  during  the  early  part  of  the  run.  The 
very  first  portions  of  effluent  were  generally  slightly  turbid,  after  which 
a  perfectly  clear  water  came  thru,  as  a  rule,  entirely  free  fiom  suspended 
matter.  This  state  of  affairs  continued  until  the  loss  of  head  had 
reached  about  6  or  8  inches,  when  the  effluent  suddenly  became  turbid 
and  continued  so  uniformly  until  the  end.  The  inference  was  that  under 
a  tension  or  pull  on  the  surface  film  represented  by  about  6  to  8  inches 
of  head  the  finely  divided  matter  contained  in  the  liquor  was  pulled  thru 
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the  surface  and  then  thru  the  filter.  It  was  thought  that  if  this  should 
lie  a  correct  interpretation  of  the  phenomenon,  it  might  be  obviated  in 
•  »nc  of  two  ways — by  increasing  the  toughness  of  the  surface  deposit, 
or  by  decreasing  the  size  of  the  sand  pores  by  use  of  a  layer  of  finer 
material  on  the  surface.   Both  of  these  methods  were  tried. 

To  increase  the  density  and  toughness  of  the  surface  film  the  sur- 
face was  covered  with  liquor,  the  outlet  being  closed,  and  2  ounces  of 
sulfate  of  aluminum  were  added  and  stirred  in.  Fifteen  minutes  were 
allowed  for  the  formation  and  settling  of  the  precipitate,  and  the  filter 
was  then  started.    The  following  data  were  obtained. 

Data  or  Tut  Run  of  Filte*  after  Addition  or  Alum 

Duration  of  run   1.9  hours 

Lou  of  head: 

Initial  14  inches 

Final  56  inches 

Quantity  filtered  370  gallons 


TV  chemical  analyses  resulted  as  follows: 

Analyses  or  Raw  Liquor  of  Settlei*  Liquor,  and  of 
Effluent  after  the  'Addition  uf  Alum 
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The  improvement  of  this  effluent  over  that  obtained  without  a  coag- 
ulant is  decided,  but  is  hardly  sufficient  to  warrant  the  extra  cost  of 
treatment.  Previous  studies  had  shown  that  it  was  necessary  to  add 
to  the  volume  of  waste  on  the  surface  of  the  filter  at  least  2  ounces  of 
alum  in  order  to  bring  about  a  satisfactory  precipitation  of  the  lime. 
Any  less  amount  would  not  have  produced  a  satisfactory  precipitation 
in  a  short  time.  The  total  quantity  filtered  during  the  run  was  370 
gallons.  This  gives  an  amount  of  sulfate  equal  to  a  little  over  2  grains 
per  gallon  for  the  entire  run,  or  a  consumption  of  300  pounds  of  alum 
per  million  gallons.   At  a  cost  of  1  cent  per  pound  (based  on  net  w 


>f  voltaic  nf  aluminum  in  the  crude  compound )  Uits  would  amour 

e,  or  10  cents  per  ton  of  finished  be 
Thb  additional  cost  for  chemicals  together  with  the  slightly  additional 
expenditure  for  labor  and  water  required  by  more  frequent  washing, 
would  not  *eem  to  be  justified  in  general  by  the  slightly  increased 
parity  of  the  effluent*  The  results  arc  given  here  and  the  cost  estimated 
at  a  matter  of  record  and  in  order  to  show  what  could  be  accomplished 
by  the  process  if  it  were  deemed  desirable  in  any  special  case* 

The  second  plan  for  preventing  the  small  suspended  particles  in  the 
liqnur  being  drawn  thru  the  surface  was  to  use  a  surface  layer  of  fine 
and  A  suitable  grade  of  sand  was  obtained  locally  and  screened  thru 
a  So,  jo  screen.  The  sand  thus  prepared  contained  a  considerable 
amount  of  rather  fine  material  Mechanical  analysis  showed  that  it 
had  an  effective  size  of  0.26  mm.  and  a  uniformity  coefficient  of  2,0. 

A  6-inch  layer  of  the  sand  was  placed  on  the  top  of  the  filter  and 
washt  After  washing,  the  surface  was  examined  and  found  to  con* 
*Ut  of  a  well-mixt  layer  of  coarse  and  fine  material.  Two  runs  were 
made  with  the  filter  as  thus  prepared.  The  following  are  the  average 
•lata  obtained: 

Data  of  Tm  Kvh  or  Filter  a  mot  Addition  or  Fin*  Saud 

DttfwtkM  of  kb   2-3  hour* 

horn  of  bead : 

UkkJ   tf     III.  he* 

Float  M  Inch* 

Qwrtbj  altma   ,  44fl  gullon? 

The  appearance  of  these  effluents  was  such  that  chemical  analyses 
were  not  made.  They  were  essentially  like  the  others,  and  there  was 
no  advantage  in  the  use  of  the  layer  of  fine  sand  which  could  in  any 
way  offset  the  obvious  disadvantage  of  the  much  shorter  run. 

Thr  Sfadgt 

Amumnt  and  Composition, — Thruout  the  experiments,  except  for  the 
first  few  run*,  the  dirty  wash  water  from  the  filter  was  run  back  tntc 
the  sedimentation  tanks.  Eventually,  therefore*  all  the  material  removed 
from  the  waste  liquor  was  accumulated  in  the  bottom  of  these  tanks. 

the  conclusion  of  the  experiments,  which  consisted  altogether  of 
U  runs,  dealing  with  a  total  of  4,900  gallons  of  the  waste,  the  liquor 
mm  drawn  off  from  the  tanks  a*  far  a*  possible  and  the  depth  of  accu* 
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mulated  sludge  and  remaining  liquor  was  measured.  The  average  depth 
was  found  to  be  6  inches.  After  thoro  mixing,  a  sample  of  the  sludge 
was  collected  and  allowed  to  stand  in  a  glass  cylinder  for  two  hours. 
From  a  column  of  sludge  12  inches  in  depth  a  2-inch  layer  of  clear  liquid 
separated  at  the  top,  leaving  the  depth  of  sludge  on  the  bottom  10  inches. 
Therefore  the  6  inches  of  sludge  and  liquor  left  in  the  tank  was  com- 
posed of  5  inches  of  sludge  and  1  inch  of  water,  so  that  5  inches  repre- 
sents very  closely  the  average  depth  of  sludge  in  each  tank  and  will  be 
used  in  the  calculations  which  follow. 

Analysis  of  the  sludge  gave  the  following  results: 

Analysis  of  Sludge  Resulting  prom  Filtration  of 
Strawboard  Waste 

Specific  gravity   1.094 

Total  solids   10.4    per  cent. 

Volatile    9.8  percent. 

Fixt  /   .        9.6    per  cent. 

From  these  data  the  following  results  are  obtained : 

Sludge  in  tank   78  gallons 

Liquor  treated   4,900  gallons 

Per  cent,  of  sludge  (by  volume)   1.6 

From  1,000,000  gallons  of  waste  there  will  be  obtained: 

Sludge   19  cubic  yards 

Dry  solids    28,000  pounds 

Organic  solids  14,100  pounds 

Mineral  solids   13,000  pounds 

For  each  ton  of  strawboard  there  will  be  produced : 

Sludge   4.7     cubic  yards 

Dry  solids  1,080  pounds 

A  glance  at  Plate  I,  B,  will  indicate  what  these  figures  mean.  The 
piles  of  straw  there  shown  represent  three  months'  supply  for  a  mill 
producing  30  tons  of  board  per  day.  Over  one-third  of  the  total  weight 
of  this  straw  will  appear  in  the  waste  liquor. 

Properties  and  Uses  of  the  Sludge. — As  is  indicated  by  the  analysis, 
the  sludge  is  a  thick  mud.  It  is  dark,  muddy  brown  in  color,  and  has 
the  odor  of  straw.  On  exposure  to  the  air  it  dries  much  more  rapidly 
than  would  be  expected,  owing  largely  to  the  action  of  the  air  on  the 
free  lime.    If  allowed  to  dry  in  a  mold,  the  resulting  cast  comes  away 


3» 


Earlt  Bernard  Phelps 


clear  and  his  taken  a  very  clean  impression  of  the  mold.    It  is  very 
brittle  by  itself.    If,  however,  a  little  paper  fiber  be  mixt  with  it  be  for 
drying,  the  dry  cast  U  fairly  tough.   Such  a  mixture  could  undoubtedly 
be  used  in  many  places  as  a  cheap  substitute  for  papier-mache. 

The  dry  product  had  a  specific  gravity  of  0.62,   It  will  readily  absorb 
OftiHtderaMy  metre  than  its  own  weight  of  water.    Its  porous  natnr 
<uggests  its  use  as  a  heat  insulator,  particularly  in  refrigerators. 

This  materia]  possesses  a  certain  value  as  a  fertilizer.  It  contains 
a  considerable  proportion  of  calcium  carbonate,  a  substance  beneficial 
to  cultivated  land.  It  also  contains  0*34  per  cent,  of  phosphoric  acid 
m  an  available  form.  Its  loose,  porous  nature  makes  it  particularly 
for  use  on  clay  land,  as  such  land  is  made  much  more  porous 
Uy  it  and  at  the  same  time  is  sufficiently  fine  to  retain  the  moisture  well. 
This  point  was  well  brought  out  on  examining  one  of  the  abandoned 
fettling  basins.  This  basin  had  originally  been  diked  up  about  6  feet 
above  the  surrounding  fields,  and  had  subsequently  been  completely 
tilled  with  the  sludge.  On  digging  into  this  deposit,  standing  wate 
was  observed  at  a  depth  of  less  than  2  feet  below  the  surface,  alth 
the  ground  water  level  in  the  adjacent  fields  was  at  least  6  feet  lowe 
and  the  field  had  not  been  flooded  for  over  a  year. 

Some  experiments  have  been  made  with  this  solid  residue  as  a  ba 
for  the  pmduction  cif  a  sulfur  dye.  Fusion  of  the  substance  with  twi 
its  weight  of  a  mixture  of  one  part  of  sulfur  and  two  of  sodium  sulfid 
yield*  a  mas*  containing  a  considerable  proportion,  perhaps  2a  per  cent, 
of  a  brown  sulfur  dye.  Purification  of  the  resulting  dye  from  the  ma 
of  men  material  was  not  attempted,  and  further  study  is  required  t 
determine  the  most  satisfactory  procedure  for  the  preparation  and  puri 
fication  of  this  dye.  but  enough  has  been  done  to  indicate  that  a  bw 
grade  sulfur  dye  can  be  made  from  this  waste  material  It  dyes  unmor 
danted  cotton  a  good  warm  shade  of  brown,  is  fast  to  hot  soap  and  £ 
sunlight,  and  compares  favorably  in  color  and  fastness  with  dyr>  on  t* 
market  selling  at  15  cents  per  pound. 

Considerable  attention  has  l*een  given  to  the  problem  of  finding 
profitable  use  for  the  residual  organic  matter  which  is  the  end  produ 
rj  the  filtration  processes  here  recommended.    Althu  the  satisfacto 
ftnlution  of  this  problem  would  be  highly  desirable  and  would  at  op 
assure  the  treatment  of  all  straw  board  waste  liquors,  it  must  be  remem 
tiered  that  this  is  merely  a  question  incidental  to  the  main  problem 
It  is  believed  that  the  process  of  sedimentation,  followed  by  mech 
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ical  filtration,  essentially  as  described,  furnishes  by  itself  a  solution  of 
that  problem  which  will  prove  of  financial  advantage  to  the  manufac- 
turers and  of  lasting  benefit  to  all  who  have  an  interest  in  the  purity 
of  the  streams  below.  It  was  therefore  not  deemed  pertinent  to  the 
present  investigation  to  pursue  further  the  question  of  the  utilization 
of  the  sludge.  The  suggestions  here  given,  and  particularly  that  in 
regard  to  the  preparation  of  a  dye,  are  merely  intended  to  indicate  the 
direction  in  which,  according  to  the  writer's  views,  future  research  would 
bring  results  of  value. 

Resume  of  Method  of  Treatment 

The  followirrg  plan  of  treatment  is  recommended:  The  waste  water 
from  the  beaters  should  be  past  thru  a  properly  designed  settling  tank 
of  such  size  that  it  will  give  a  period  of  about  one  hour's  storage.  A 
tank  built  on  the  principle  of  the  Dortmund  tank  would  be  preferable 
to  any  other,  owing  to  its  compactness  and*  the  possibility  of  continu- 
ous use.  The  tank  should  have  a  capacity  of  approximately  1,200  gallons 
for  each  ton  of  board  produced  per  day  by  the  mill. 

The  water  should  pass  from  the  tank  directly  to  the  filters,  which 
should  be  built  in  small  units.  The  filters  should  have  an  available 
loss  of  head  of  at  least  12  feet,  and  could  be  run  at  a  rate  of  100,000,000 
gallons  per  acre  per  day.  This  would  necessitate  a  filter  area  of  approx- 
imately 16  square  feet  per  ton  of  board  produced  daily.  This  figure 
allows  10  per  cent,  excess  for  repairs  and  washing. 

The  effluent  should  be  pumped  and  used  again  for  washing  the  filter 
and  for  beater  wash  water.  It  would  at  all  times  contain  less  impu- 
rity than  does  the  very  last  water  past  from  the  beaters,  and  its  use 
during  the  early  part  of  the  washing  process  could  do  no  possible  harm. 
To  insure  a  proper  washing  out  of  the  last  of  the  lime  from  the  stock, 
it  would  probably  be  found  necessary  to  complete  the  washing  with 
fresh  water.  In  any  case  a  saving  of  one-half  to  two-thirds  of  the 
amount  of  wash  water  now  used  could  he  realized,  the  amount  of  waste 
liquor  being  corrcsjxmdingly  reduced.  Tin-  water  used  in  washing  the 
filter  should  be  returned  to  the  sedimentation  tank,  and  would  require 
no  further  treatment. 

The  sludge  from  the  sedimentation  tank  could  be  most  expedi- 
tiously dealt  with  by  filter  pressing.  There  would  remain  a  fairly  dry 
and  hard  press  cake,  which  would  require  disposal  unless  some  profitable 
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for  it  be  found.    Under  the  influence  of  the  ;iir  ;m<l  \\\u  this  material 
speedily  revilvcd  into  mineral  matter,  forming  a  sort  of  soil.    It  could 
spread  opem  low  land  in  thin  layers  and  would  then  take  care  of  itself 
Instead  of  being  filter  prest.  the  sludge  might  be  discharged  upon 
-mall  areas  of  sandy  soil  where  such  are  available  or  even  upon  some- 
what larger  areas  of  leas  porous  soil,  and  allowed  to  dry  out  by  drain 
tug  and  evaporation.   The  dry  layer  of  sludge  could  then  be  removed 
and  disposed  of.  No  accumulation  of  the  wet  material  should  be  allowed. 
When  once  dried  out  and  subjected  to  the  action  of  the  sunlight  and 
air  it  soon  becomes  harmless,  but  in  deep  beds  and  constantly  covcrc ' 
with  water  it  is  subject  to  all  the  offensive  putrefaction  described  in 
the  caac  of  the  sedimentation  fields.   This  process  of  spontaneous  drain* 
tag  and  drying  out  would  probably  be  found  the  cheaper,  but  won  I 
require  a  considerable  area  of  suitable  land  and  would  also  involve  mor 
ireful  -vufttrv^km.    The  amount  of  laud  required  would  depend  wholly 
on  the  quality  of  the  drainage.  For  average  conditions  it  may  be  roughly 
estimated  at  I  fioo  %qttare  feet  per  ton  of  board  produced  by  the  mil 
(lady.    The  dried  sludge  would  require  removal  before  the  appticatio 
*jf  more  sludge. 


Character  of  Waste  Water  after  Treatment 


The  quality  of  the  effluent  from  the  proposed  process  is  not  all 
could  be  desired  In  spite  of  the  fact  that  it  is  possible  to  remove  ov 
90  per  cent,  of  the  suspended  organic  matter  present  in  the  liquor,  the 
resulting  effluent  is  still  put  resettle.  Thai  is,  a  bottle  of  the  liquor 
shut  up  air-ttght  and  kept  at  a  warm  temperature  will  in  the  course  o 
a  few  days  undergo  putrefactive  fermentation.  The  putrefaction 
rather  slow,  however*  and  not  offensive.  In  admixture  with  an  eq 
of  tap  water  the  effluent  does  not  putrefy  even  when  inoc 
ji  amaO  amount  of  sewage. 
The  fact  that  the  effluent  is  practically  free  from  gross  suspen 
—that  U,  solids  which  will  settle  out  on  the  bed  of  the  stream — t 
significance  than  the  analytical  data.  As  was  pointed  out 
the  earlier  discussion  of  the  problem  (page  8),  by  far  the  greater  part 
•f  the  damage  done  to  the  polluted  streams  is  brought  about  by  the 
of  material  in  the  stream  beds.  The  effluent  which  has  past  the 
here  outlined  will  contain  no  material  capable  of  settling 
rvrn  in  *lack  water 
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The  conclusion  is  therefore  justified  that  the  discharge  of  this  effluent 
into  a  stream  whose  minimum  flow  equals  in  volume  the  flow  from  the 
mill  would  not  produce  a  nuisance.  With  no  allowance  for, a  possible 
diminution  of  the  amount  of  wash  water,  if  used  as  suggested  above, 
this  means  that  the  minimum  stream  flow  must  be  at  least  0.05  cubic 
foot  per  second  per  ton  of  board  produced  daily  at  the  mill.  A  mini- 
mum flow  of  0.1  cubic  foot  per  second  per  daily  ton  would  therefore 
provide  for  a  generous  factor  of  safety  if  the  stream  is  reasonably 
unpolluted  at  the  point  of  discharge. 

The  discharge  of  such  an  effluent  into  a  stream  highly  polluted  with 
sewage  would  probably  be  accompanied  by  an  aggravation  of  the  con- 
ditions already  existing.  There  would,  as  usual,  be  a  precipitation  of 
the  sewage  material  by  the  lime  of  the  effluent.  In  all  fairness  it  could 
be  maintained  that  the  organic  matter  of  the  effluent  was  not  contribut- 
ing to  the  nuisance.  If,  therefore,  it  should  be  decided  that  the  addi- 
tion of  lime  to  a  sewage  polluted  stream  constitutes  a  nuisance,  further 
treatment  of  the  effluent  would  be  required  to  remove  this  caustic  lime. 
If,  on  the  other  hand,  as  would  seem  to  be  reasonable,  it  should  appear 
that  the  real  pollution  of  the  stream  lay  in  the  sewage  and  the  lime  was 
incidental  and  was  there  by  right,  there  would  be  no  reason  for  such 
further  treatment. 

Cost  of  the  Process 

The  cost  of  the  process  recommended  cannot  be  discust  in  detail  at 
this  time.  It  would  1>e  largely  the  cost  of  installation.  The  design 
and  construction  of  a  suitable  plant  require  expert  attention,  and  the 
cost  of  the  plant  would  de|icnd  somewhat  on  local  conditions.  The  cost 
of  maintenance  would  Ik1  slight.  The  cost  of  additional  pumping  to 
supply  wash  water  say  5  per  cent,  more  than  the  present  amount 
pum]>cd  —  can  he  determined  readily.  The  services  of  one  man,  who 
could  also  assist  in  the  mill  part  of  the  time,  would  l>e  a  sufficient  addi- 
tion for  running  the  plant.  The  power  necessary  to  pump  the  sludge 
thru  the  niter  presses  it  that  plan  were  adopted,  would  not  be  notice- 
able in  comparison  with  the  total  power  used  in  the  mill.  If  the  sludge 
were  disjH»sed  of  h\  the  othei  plan,  evaporation  and  drying  in  the  field, 
the  service**  of  aitothei  m.111  would  he  required. 

In  conclusion,  the  lollnuiui;  summar\  of  the  chief  points  of  the 
present  pajn-r  ma\  he  made 
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SUMMARY 

present  method  employed  for  the  treatment  of  strawl>oard  waste 
that  of  sedimentation  in  large  fields,  is  unsatisfactory  and 
expensive  and  proceed*  on  a  wrong  principle, 

The  filtration  of  the  liquor  thru  sand,  so-called  mechanical  filtration, 
hut  without  coagulants,  after  a  short  period  of  sedimentation  will  remove 
93  per  cent,  of  the  suspended  organic  solid*  and  98  per  cent*  of  thr 
total  suspended  matter  determined  as  turbidity. 

Actual  experiments  have  shown  that  the  resulting  effluent  can  be 
discharged  into  an  equal  volume  of  reasonably  pure  water  without 
creating  a  nuisance-  In  particular,  there  will  be  no  sedimentation  of 
••cgank  matter.  If  its  discharge  into  a  seriously  polluted  stream  should 
bring  about  precipitation  of  sewage  matter  and  consequent  nuisance, 
the  blame  should  in  all  equity  be  fixt  on  those  contributing  the  sewage. 

The  sludge  resulting  from  the  sedimentation  tanks,  after  pressing 
tpomaneouft  drying,  is  innocuous  and  makes  good  soil.  It  has  some 
value  as  a  fertilizer  and  is  particularly  valuable  to  mix  with  the  clay 
ftoib  of  the  Middle  West  to  render  them  more  porous.  Other  uses  for 
tin*  material  are  suggested,  but  they  require  further  study. 

The  cost  of  the  entire  process  is  sufficiently  tow  to  admit  of  its  adop* 
tkm  wherever  stream  pollution  is'  serious. 
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THE  DETERMINATION  OF  THE  ORGANIC  NITROGEN  IN 
SEWAGE  BY  THE  KJELDAHL  PROCESS 

a  STUDIES  ON  DIRECT  NESSLERJZATION 

By  MtYLAND  WHIPPLE 

Thc  value  of  i  method  of  analysis,  when  used  in  routine  work, 
becomes  to  «  considerable  extent  a  function  of  the  rapidity  with  which 
it  may  be  carried  out.  In  no  case,  perhaps,  is  this  better  exemplified 
than  in  the  estimation  of  organic  nitrogen  by  the  KjeMah)  process,  in 
sanitary  water  -and  sewage  analysis  This  determination,  by  far  the 
moat  important,  from  the  viewpoint  of  interpretation,  involves  one  of 
the  longest  procedures,  and  is  consequently  not  generally  employed 

Several  attempts  have  been  made  to  shorten  this  process  by  nessler- 
iring  the  diluted  digestatc  directly,  without  distillation.  Unless  sjiccial 
precautions  are  taken,  however,  certain  constituents  of  the  dige*utc 
air  found  to  react  with  the  Ncsster's  reagent,  producing  a  turbidity  in 
the  presence  of  which  it  is  not  possible  to  make  close  comparison* 
of  the  color  of  the  ncsslcmcd  tube  with  that  of  the  standard.  Of  the 
heretofore  published  methods,  only  one,  that  of  Ktmbcrly  and  Roberts 
I 1906)1  has  been  found  to  be  uniformly  successful  under  local  conditions, 
and  tht*  method  has  in  our  hands  failed  to  yield  satisfactory  results. 

It  is  the  purpose  of  this  paper  to  present  the  results  of  fomc 
experiments  carried  out  in  this  laboratory  011  direct  reading  of  Kjehiahl 
^estates,  and  to  give  a  procedure  which  has  been  found  entirely 
xessful  here  and  which  may  be  of  application  elsewhere. 


FftKvtous  Results 


Direct  reading  of  diluted  Kjehiahl  digestate*  has  been  the  subject 
of  investigation  both  in  this  country  and  abroad.  Rideal  ( 1901  \  gives 
m  procedure  which  consists  in  neutralizing  with  an  excess  of  caustic 
diluting  to  a  definite  volume,  allowing  to  settle  (or  a  number  of 
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hours,  and  pipetting  off  a  portion  of  the  clear  supernatant  liquid  for 
nesslerization. 

Phelps  (1904),  at  this  laboratory,  tried  making  up  the  digested 
sample  to  volume,  taking  out  the  requisite  amount,  neutralizing  and 
making  up  to  50  c.c.  in  the  Nessler  tube.  He  found  that  in  about  half 
the  cases  a  turbidity  was  produced  on  adding  the  Nessler  reagent. 

McGowan  (1904)  attempted  to  use  a  modification  of  the  Rideal 
method  by  making  just  neutral  with  hydrate,  and  in  some  cases  adding 
potassium  oxalate  to  precipitate  the  calcium.  He  found,  also,  that  in 
more  than  half  the  total 'number  of  determinations  the  tubes  were  too 
turbid  to  read.  Furthermore,  he  pointed  out  a  probable  loss  of  ammonia 
by  adsorption  in  the  precipitate  formed.  He  attributed  the  turbidity 
to  the  insufficient  precipitation  of  the  calcium. 

As  a  result  of  an  extended  investigation  carried  out  at  the  Columbus 
Sewage  Testing  Station,  Kimberly  and  Roberts  (1906)  published  a 
modification  of  the  processes  of  Rideal  and  McGowan,  which  consisted 
in  diluting  the  digestate  to  100  c.c,  nearly  neutralizing  with  sodium 
hydrate,  cooling,  adding  a  slight  excess  of  hydrate  and  then  2  c.c.  of 
a  10  per  cent,  solution  of  sodium  carbonate  solution,  diluting  to  a  known 
volume,  allowing  to  settle  six  hours,  and  nesslerizing  a  portion  of  the 
clear  liquid.  This  method  was  the  result  of  a  series  of  investigations  into 
the  causes  of  turbidity,  the  latter  being  finally  attributed  to  the  presence 
of  calcium  and  magnesium  salts.  Kimberly  showed  that  an  amount  of 
calcium  up  to  2.5  nig.  per  ncsslerized  tube  would  not  produce  turbidity, 
but  that  in  greater  concentrations  it  would  interfere  with  the  process. 
He  used  a  slight  excess  of  caustic  to  precipitate  the  magnesium,  and 
sodium  carbonate  to  precipitate  calcium.  The  long  period  of  settling 
was  necessary  in  order  to  remove  the  slow-forming  calcium  carbonate. 

He  states,  further,  that  |\itassium  permanganate  cannot  be  used  to 
complete  the  digestion,  a>  the  manganous  sulphate  formed  will  cause 
turbidity  on  nessler i zing.  The  a*oling  before  final  neutralization  was 
recommended  to  avoid  the  escape  of  ammonium  hydrate  from  the  hot 
solution.  He  found  it  necessary.  aUo.  to  purify  the  soda  by  perman- 
ganate, in  order  to  rcnioxe  iron  and  organic  impurities.  In  his  ex- 
periments on  the  accuracy  ot  the  ptwex,  he  found  that  adsorption 
was  a  negligible  tuctot.  In  uumcvou>  comparative  determinations  by 
distillation  and  direct  ne^leri/ation  close  agreement*  were  obtained. 

In  an  endeavor  to  obtain  a  method  for  the  direvt  reading  of  Kjeldahl 
digestates  at  this  laboratory,  the  nwthud  of  Kimberly  and  Roberts  was 
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tnrd,  bat  failed  In  yield  *ati>f;uinrv  results,  if  being  found  impossible 
to  obtain  clear  tubes  upon  nesslcrization,  Wc  have  therefore  further 
tigatcd  the  cau*cs  tending  to  produce  turbidity,  and  have  succeeded 
in  deviling  a  modification  of  the  Ktdeal  method  which  is  successful 
under  conditions  found  here,  and  which  should  be  applicable  to  all 
*c»agc»  except  under  condition*  which  will  be  defined  later  on  in  this 

Causes  or  Tumidity  in  the  Tube 

The  causes  of  the  turbid  tube  have  been  variously  attributed  to  the 
of  calcium,  magnesium,  sulphate  ions,  and  manganous  salts, 
from  the  use  of  potassium  permanganate  to  complete  the 


Kimberly  and  Roberts  have  shown  that  sulphate  ions  arc  not  one 
of  the  disturbing  causes.  In  regard  to  manganous  salts,  it  is  a  well- 
known  fact  that  permanganate  is  rapidly  hydrolyzed  and  reduced  in 
dilute  solutions,  either  weakly  acid  or  alkaline,  and  is  then  precipitated 
on  standing.  When  used  to  complete  the  digestion,  the  permanganate 
Is  at  once  reduced  by  the  hot  acid,  and  settles  out  of  the  diluted  digestate 
as  a  basic  salt  Moreover,  should  traces  of  manganous  sulphate  yet 
in  solution,  they  will  Ik?  precipitated  upon  neutralization,  Per- 
has  been  used  throughout  the  present  investigation  and  has 
given  rise  to  any  cloudiness  in  the  tube. 
We  have  confirmed  the  conclusion  of  Kimberly  and  Roberts  that 
calcium  may  be  present  in  the  tube  up  to  2*5  mg.  without  producing 
turbidity.  As  an  amount  of  sewage  is  normally  taken  which  will  give 
a  reading  of  not  more  than  five  on  the  colorimctric  standards,  corre- 
sponding to  J05  mg.  of  nitrogen,  it  is  clear  that  we  cannot  have  more 
than  fifty  puts  of  calcium  to  one  of  nitrogen.  That  is,  in  a  sewage  in 
which  the  calcium  content  is  not  over  fifty  times  that  of  the  nitrogen, 
tubes  which  will  give  a  reading  of  five  or  less  may  be  nesslcn  zed  directly 
without  any  special  precautions  tiring  taken  to  remove  the  calcium. 

case  of  a  good  sand-filter  effluent  from  a  sewage  very 
n,  this  ratio  will  seldom  be  realized,  Even  in  cases  where 
this  ratio  is  exceeded,  it  might  l*c  advisable  to  use  a  less  amount  of  the 
sample,  so  as  to  make  the  reading  about  two  on  the  standards, 
rotdd  increase  the  allowable  ratio  of  calcium  to  nitrogen  to  12$. 

irry  the  allowable  ratio  i»f  magnesium  lo  nitrogen  was  deter* 
I,  and  found  lo  be  so  low  that  the  removal  of  magnesium  appears 
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to  be  an  essential  detail.  An  amount  of  magnesium  in  the  tube  of  over 
.025  mg.  will  produce  either  a  cloudiness  or  a  considerable  deepening 
of  the  color  of  the  reagent.  To  determine  the  amount  of  excess  hydrate 
required  to  effect  sufficient  precipitation  of  magnesium  salts,  a  sample 
was  made  up  containing  about  0.12  mg.  nitrogen  as  ammonium  chloride, 
2.5  mg.  magnesium  as  chloride,  and  digested  with  5  c.c.  of  sulphuric  acid 
in  the  usual  way,  with  the  addition  of  permanganate.  The  digestate 
was  diluted  to  250  c.c.,-  and  successive  portions  of  10  c.c.  each  were 
neutralized  with  varying  amounts  of  a  5  per  cent,  solution  of  sodium 
hydrate,  starting  with  an  amount  just  sufficient  to  neutralize  the  acid, 
as  determined  by  a  test  portion,  using  phenolphthalein  as  an  indicator. 
The  samples  were  filtered  through  washed  filters  into  Nessler  tubes, 
and  the  filter  and  precipitate  then  washed  with  ammonia  free  water. 
The  results  of  this  experiment  are  shown  in  the  following  table: 


Tube. 


3 
4 
5 
6 
7 
8 


5  per  cent,  hydrate, 
c  c. 


7.2 
7.6 
8.0 
0.0 
10.0 
12.0 
lo.O 
20.0 


Reading. 

Remark. 

Corrected  reading** 

Very  turbid 

Very  turbid 

About  6.0 

Considerably  turbid 

4.8 

5.0 

Slightly  turbid 

4.8 

4.8 

Clear 

4.6 

4.0 

Clear 

4.7 

6.0 

Very  slightly  turbid 

4.7 

About  6.8 

Considerably  turbid 

5.4 

•  A  blank  on  10  c.c.  of  the  hydrate  gave  a  reading  of  0.2 ;  the  figures  in  this  column  have  had  this  correction 
applied. 


This  indicates  that  after  neutralization  an  excess  of  hydrate  must 
be  added  equivalent  to  1.5  grams  per  100  c.c.  of  the  diluted  digestate, 
in  order  to  effect  a  satisfactory  removal  of  the  magnesium.  Further- 
jnore,  it  is  indicated,  and  we  have  further  confirmed  the  fact,  that  the 
reading  is  not  appreciably  affected  by  an  excess  of  hydrate  unless  in 
sufficient  amount  to  itself  cause  turbidity.  This  amount  has  been  found 
to  be  about  0.35  gram  per  50  c.c.  Nessler  tube. 

The  addition  of  copper  sulphate  to  hasten  the  digestion  has  no  effect 
on  the  final  result,  as  the  copper  is  entirely  removed  by  the  hydrate. 
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It  appear  s  there  fore*  that  magnesium  salts  arc  one  of  the  principal 
causes  of  turbid  Xe*slcr  tubes;  that  the  magnesium  can  W  satisfactorily 
removed  by  an  excess  of  sodium  hydrate :  ami  that  this  necessary  excess 
it  not  in  itself  sufficient  to  produce  turbidity. 

Method 

The  detailed  procedure  which  has  been  in  use  at  this  laboratory  for 
the  past  three  months  is  as  follows : 

Reagents* — The  *amc  as  those  used  in  ordinary  Kjeldahl  determina- 
tions of  organic  nitrogen,  with  the  addition  of  a  5  per  cent,  solution  of 
potassium  or  radium  hydrate. 

Procedure. — Fifty  cc  of  the  sample  (or  a  greater  or  less  amount, 
according  to  the  nitrogen  content)  are  digested  with  5  ex.  of  concen- 
trated sulphuric  acid,  nitrogen  free,  and  a  small  amount  of  copper 
Milphalc  until  colorless.  The  digestion  is  completed  by  the  addition 
uf  a  few  small  crystals  of  permanganate  to  the  hot  acid.  After  cooling, 
the  digestate  is  diluted  to  250  ex.,  mixed,  and  a  portion  (say  25  ex  A  is 
pipetted  out,  mixed  with  an  equal  jiortion  of  5  |>er  cent,  sodium  hydrate 
wttatkm,  and  filtered  through  a  fitter  paper  which  has  been  washed  pre- 
viously with  too  ex.  or  so  of  ammonia  free  water  to  remove  traces  of 
ammonia.  Twenty  ex.  of  the  filtrate  are  pipetted  into  a  Nesslcr  lube, 
made  up  to  50  ex.  with  best  water,  mixed  by  pouring  from  one  tube  to 
another,  nesstcrixed,  and  read  after  ten  minutes.  A  blank  should  be  run 
(Hi  the  entire  process,  and  the  result  subtracted  from  the  reading. 
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U  method  has  been  in  use  in  this  laboratory  for  the  past  three 
months,  and  has  given  uniformly  satisfactory  results.  Tn  no  case  have 
we  experienced  any  difficulty  in  getting  a  clear  tube  of  the  correct  color 
to  match  thk  standards,  even  in  tubes  reading  as  high  as  seven  or 
eight  on  the  standards,  corresponding  to  ,07  and  ,08  mg.  of  nitrogen  in 
the  tube.  In  practice,  however,  readings  of  over  five  are  discarded  ami 
dilutions  made,  the  rapidity  of  the  process  making  it  readily  possible 
introduce  this  desirable  procedure. 

la  all  these  experiments,  and  in  our  regular  work,  the  ordinary 
purified  caustic  soda  in  sticks  has  been  used,  preliminary  purification 
having  been  found  unnecessary. 
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Accuracy 

Duplicate  determinations  made  on  the  same  digestate  by  distillation 
and  by  the  direct  method  show  a  very  close  agreement  The  following 
analyses  were  made,  on  three  different  dates,  on  sewages  and  effluents 
of  trickling  filters: 


Total  Kjkldahl  Nitrogen 

Parti  per  Million 


.  Sample. 

Distilled. 

Direct. 

19.6 

19.6 

18.0 

17.6 

20.0 

19.6 

18.0 

18.0 

23.6 

28.6 

17.6 

17.6 

16.0 

16.0 

9.6 

9.0 

14.5 

14.6 

12.0 

12.0 

13.5 

Lost 

12.5 

12.6 

12.5 

12.0 

11.0 

10.6 

12.0 

11.6 

11.5 

11.0 

14.5 

15.0 

l.i.O 

13.0 

The  uniformity  of  those  ti^uros  shows  the  loss  during  filtration  or 
by  adsorption  in  the  precipitate  to  l>c  negligible. 

This  process  commeiuK  itself  for  the  following  reasons: 

(1)  The  great  saving  of  time  over  the  distillation  process. 

(2)  The  less  bulky  and  U»tliersoine  apparatus  required. 
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(j)  An  accuracy  fully  equal  to  that  of  the  distillation  method. 

(4)  The  saving  in  time  over  all  previously  published  direct  methods 
the  immediate  filtration  taking  the  place  of  the  long  period  of  settling 
heretofore  employed.  The  possible  loss  of  ammonia  in  the  filtration 
haj*  been  shown  to  be  negligible. 

(5)  More  satisfactory  results  locally  than  previously  published 
direct  methods,  and  greater  probability  of  its  being  applicable  under  a 
wide  range  of  conditions. 

Summary 

(1)  The  direct  ncsslerization  of  Kjcldaht  digestates  i*  greatly  to  lie 
desired,  but  unless  special  precautions  are  taken  such  a  procedure  will 
result  hi  a  precipitation  of  the  Nessler's  reagent  by  certain  constituents 
of  the  digestate. 

(2)  The  present  study  indicates  that  under  ordinary  conditions  no 
trouble  will  be  experienced  on  account  of  calcium,  no  special  treatment 
for  its  removal  being  necessary  unless  the  calcium  content  of  the  sewage 
is  greater  than  fifty  times  the  nitrogen  content, 

i$\  Magnesium,  on  the  other  hand,  even  in  small  amounts,  will  cause 
a  turbidity  in  the  tube  and  render  a  correct  reading  impossible. 

(4)  Magnesium  can  be  satisfactorily  removed,  but  to  do  this  requires 
an  excess  of  sodium  hydrate  equivalent  to  a  concentration  of  1,5  grams 
per  100  ex. 

(5)  The  excess  of  sodium  hydrate  necessary  to  remove  the  mag* 
aesitsm  is  not  great  enough  to  interfere  with  the  reading.  In  fact,  this 
reading  is  not  appreciably  affected  unless  the  concentration  of  hydrate 
»  such  as  itself  to  produce  turbidity,  or  about  0.35  gram  per  50  ex. 
Neider  tube. 

(6)  It  is  not  at  all  certain  that  the  turbid  tube  results  solely  from 
the  presence  of  magnesium.  It  has  been  determined,  however,  that 
under  the  condition*  required  for  the  removal  of  magnesium  any  other 
iMeteriooa  constituent  is  also  eliminated. 

(7)  A  process  is  recommended  whereby  aO  disturbing  constituents 
can  be  removed  and  the  Kjrldahl  digitate  nc^lcrizcd  directly.  Ky 
filtering  die  neutralized  digestate  a  saving  of  several  hours  can  be 

erted  over  heretofore  proposed  methods. 


Determination  of  Organic  Nitrogen  in  Sewage 


REFXBJUfCES 

Kimberly  and  Roberts.  Method  for  Direct  Determination  of  Organic 
Kjeldahl  Process,  Jour.  Inf.  Dis.,  1906,  a,  109. 

McGowan.   Fourth  Report  Royal  Commission  on  Sewage  Disposal,  4, 

Phelps.  A  Critical  Study  of  Current  Methods  for  the  Determination 
Albuminoid  Ammonia  in  Sewage,  Jour.  Inf.  Dis.,  1904,  x,  327. 

RideaL  Sewage*  2d  ed.,  1901. 


MASSACHUSETTS  INSTITUTE  OF  TECHNOLOGY 


CONTRIBUTIONS 

FROM  THE 

nitary  Research  Laboratory 

AND 

SEWAGE  EXPERIMENT  STATION 


VOLUME  V 


REPWNTCD  PAPERS 
PRICE.  41  00 


BOSTON,  MASSACHUSETTS 
1909 


MASSACHUSETTS  INSTITUTE  OF  TECHNOLOGY 


CONTRIBUTIONS 

FROM  THE 

Sanitary  Research  Laboratory 

AND 

SEWAGE  EXPERIMENT  STATION 


VOLUME  V 


REPRINTED  PAPERS 
PRICE.  $1.00 


BOSTON,  MASSACHUSETTS 
1909 


TABLE  OF  CONTENTS 


Introduction.   William  T.  Sedgwick,  Director. 

t.  The  Sewer  Gas  Question;  with  Special  Reference  to  the  Sanitary 
Significance  of  Bacteria  in  the  Air  of  Drains  and  Sewers.  C.-E.  A. 
Winslow.  [Report  made  to  the  Sanitary  Committee  of  the  National 
Association  of  Master  Plumbers  of  the  United  States,  and  reprinted 
from  the  Report  of  the  Sanitary  Committee  for  1907-08-09.] 

2.  The  Disinfection  of  Sewage  and  Sewage  Filter  Effluents,  with  a  chapter 
on  the  Putrescibility  and  Stability  of  Sewage  Effluents.  Earl*  B. 
Phelps.  [United  States  Geological  Surrey,  Water- Supply  Paper  229 
1  Washington,  1909).] 

j.  The  Pollution  of  Streams  by  Sulphite  Pulp  Waste.  Earle  B.  Phblps. 
[United  States  Geological  Survey,  Water- Supply  Paper  226  (Wash- 
ington. 1909).] 

4.  Corrosion  of  Water  Pipes.    Earls  B.  Phblps.    [Report  made  to  the 

Sanitary  Committee  of  the  National  Association  of  Master  Plumbers 
of  the  United  States,  and  reprinted  from  the  Report  of  the  Sanitary 
Committee  for  1907-08-09,] 

5.  An  Investigation  of  the  Sanitary  Condition  of  the  Gowanus  Canal, 

Brooklyn,  N.  Y.  C  F.  Bkbitzkb.  [Technology  Quarterly,  XXI,  pages 
243- A.) 


INTRODUCTION 


Br  W.  T.  SEDGWICK,  Director 


Tm  present  volume  is  the  fifth  in  a  scries  of  reprints  of  similar 
character,  m,  of  papers  concerning  various  aspects  of  sanitary  science, 
sad  connected  more  or  less  closely  with  public  health  problems  arising 
from  time  to  time  in  the  regular  work  of  a  great  modern  school  of 
and  technology.  This  volume,  toot  like  those  that  have  pre- 
it,  owes  its  existence  chiefly  to  the  continued  interest  and  the 
cooperation  of  an  anonymous  friend  of  the  Institute,  who, 
keenly  the  incongruity  of  a  twentieth  century  civilization  which 
of  its  achievements  in  mechanical,  industrial,  and  chemical 
and  yet  values  human  life  so  meanly  as  to  go  on  polluting 
ind  harbors  with  vast  and  ever  increasing  streams  of  putrefying 
,  is  anxious  to  bring  about  a  change  for  the  better.  Happily, 
signs  are  not  wanting  that  many  others,  also,  are  today  beginning  to 
be  conscious  of  the  same  incongruity,  for  the  previous  volumes  of  this 
tcrit*  are  already  long  since  out  of  print,  owing  to  an  eager  demand 
lor  them  which  has  been  as  gratifying  as  it  was  unexpected 

of  whatever  sort,  are  seldom  without  their  drawbacks, 
is  showing  that  the  water-carriage  system  of  sewerage, 
while  on  the  whole,  for  the  use  of  thickly  settled  communities,  an 
improvement  upon  all  previous  systems,  brings  with  it  certain 
disadvantage*.  Of  these  one  is  that,  by  enormously  diluting 
water  the  dangerous  wastes  of  human  and  annual  life,  it  vastly 
volume,  and  for  this  reason,  and  also  because  water  is  an 
solvent  as  well  as  extremely  penetrating,  the  mixture  mingles 
rcidOy  with  moat  materials  so  that  wide  dispersion  of  the  wastes  in 
the  environment  is  favored  and  facilitated.  Another  disadvantage 
of  the  water-carriage  system  is  that  on  sufficient  dilution  the  objection* 
and  characteristic  appearances  and  odors,  which  serve  as  useful 
of  the  presence  of  these  dangerous  wastes,  diminish  or  erven 
r,  althotsgh  such  diminution  or  disappearance  does  not  gener- 
that  they  Are  destroyed,  but  perhaps  only  more  widely 
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separated  or  dispersed.  Still  another  disadvantage  is  that  the  water- 
carriage  system  removes  rapidly  and  often  to  a  considerable  distance 
the  fluid  filth  of  a  community,  so  that,  while  accomplishing  quite  per- 
fectly a  most  desirable  riddance,  the  very  perfection  of  the  system 
puts  the  sewage  out  of  sight  and  out  of  smell,  and  hence  too  often 
out  of  mind,  of  those  responsible  alike  for  its  production  and  for  its 
ultimate  sanitary  disposal.  As  a  corollary  of  these  consequences  of 
modern  systems  of  sewerage,  local  nuisances,  and  dangers  formerly 
domestic  and  almost  intolerable  have,  indeed,  been  removed  to  a  distance, 
or  even  done  away,  but  often  only  at  the  cost  of  their  conversion  into 
more  widespread,  though  often  invisible,  dangers.  The  most  hopeful 
sign  of  progress  in  the  subject  of  sewerage  and  sewage  disposal  is 
the  growing  sensitiveness  of  the  public  to  this  fact,  for  it  is  obviously 
bad  citizenship  for  any  one  to  clean  up  at  the  expense  of  others,  and 
no  more  so  for  an  individual  or  a  family  than  for  a  community  of 
individuals  or  families.  The  pouring  of  fluid  filth  into  our  rivers, 
lakes,  and  harbors  does,  of  course,  rid  our  cities,  towns,  and  villages 
of  that  filth,  and  in  so  far  it  is  commendable.  But  if  by  this  act  we 
simply  move  that  filth  to  a  distance,  there  to  make  for  ourselves  or 
for  others  more  or  less  of  the  same  trouble  which  it  formerly  made  for 
us,  then  we  are  hardly  superior  in  sanitation  to  those  half -nomads  who 
encamp  on  one  spot  until  they  have  made  sanitary  conditions  intolerable, 
and  then  remove  their  abode  to  a  fresh  location. 

Most  of  the  papers  in  this  volume  deal  with  various  aspects  of 
the  endeavor — now  almost  world-wide — to  purify  that  fluid  filth 
which  we  call  sewage,  so  that  it  shall  not  merely  be  turned  as  it  comes 
into  streams,  lakes,  or  the  sea,  there  to  cause  pollution,  putrefaction, 
or  possibly  disease,  but  shall  first  be  worked  over  in  some  way  and 
made  unobjectionable  to  the  eye  and  the  nose,  and  innocuous  to  life 
and  health. 

Professor  Phelps's  paper  on  the  pollution  of  streams  by  the  wastes 
of  mills  making  wood-pulp  by  the  sulphite  process  is  a  courageous 
attempt  to  grapple  with  a  very  difficult  and  growing  problem,  while 
another  paper  from  his  pen.  on  the  disinfection  of  sewage,  is  a  valu- 
able continuation  of  his  earlier  and  epoch-making  work  on  that  timely 
and  interesting  subject.  If  by  disinfection  of  sewage  or  water  the 
danger  of  their  transportation  of  specific  disease  germs  can  be  elimi- 
nated, and  if  by  any  process  whatsoever  the  danger  of  putrefaction, 
present  and  future,  can  be  overcome,  then,  as  will  follow  from  what 
has  been  said  above,  the  objectionable  and  dangerous  features  of  the 
fluid  filth  of  communities  will  largely  disappear. 

The  paper  by  Professor  Winslow  on  the  sanitary  significance  of 
bacteria  in  the  air  of  sewers  and  other  drains  is  noteworthy  for  two 
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First,  became  it  serve*  to  establish  by  the  only  certain 
method  known  to  science — the  method  of  experiment — a  harmony 
each  as  ought  to  exist  always  between  the  results  of  experiment  and 
the  results  of  experience.  This  paper  deals,  as  its  title  hardly  suggests, 
with  the  long  popular  theory  of  sewer  gas  and  its  dangers — a  theory 
which,  alter  having  enjoyed  an  immense  vogue,  rapidly  declined  in 
importance  during  and  after  the  decade  of  the  great  pathological  dis- 
coveries (1876-&S)  and  the  establishment  of  the  parasitic  theory  of 
infectious  disease.  Recently,  however,  it  has  been  revived  and  strength- 
ened by  experimental  evidence  obtained  by  a  distinguished  English 
iovesttgator.  It  therefore  became  imperative  to  reexamine  it  and  to 
confirm  if  possible  the  new  evidence.  This  task  Professor  Winslow 
has  patiently  and  skill  fully  undertaken,  with  the  results  stated  in  his 

In  the  second  place,  this  piece  of  work  deserves  special  attention 
because  k  was  carried  oat  largely  by  funds  contributed  for  the  purpose 
by  a  committee — the  Sanitary  Committee — of  the  Master  Plumbers' 
Association  of  the  United  States,  This  committee,  of  which  Mr. 
David  Craig,  a  practical  plumber  of  Boston,  was  chairman,  desired 
to  do  something  by  scientific  research  to  increase  the  knowledge  avail- 
ahk  for  the  practical  purposes  of  the  plumbing  trade.  The  chairman 
accordingly  applied  to  the  director  of  the  Sanitary  Research  Labora- 
tories and  Sewage  Experiment  Station  for  advice  concerning  the  status 
of  the  sewer  gas  problem  and  its  real  importance.  He  was  eventually 
referred  to  Professor  Winslow  as  one  competent  to  give  further 
advice  ami  to  make  all  necessary  investigations,  and  the  paper  here  re* 
printed  is  the  practical  outcome  of  Mr.  Craig's  and  Professor  Winslow't 
plan  of  attach*  It  is  impossible  not  to  admire  the  wisdom,  the  liberality, 
aad  the  public  spirit  of  the  leaders  of  a  modern  trade  which  thus,  tike 
the  guilds  of  the  Middle  Ages,  seeks  earnestly,  intelligently,  and  sci* 
ewriocally  to  make  more  secure  those  principles  which  shall  serve  as 
safe  guides  in  practice. 

The  Staff  of  the  Laboratory  and  Station  remains,  happily,  almost 
unchanged,  so  that  a  continuous  plan  of  work  has  been  followed  out 
Crass  the  beginning.  The  principal  workers  and  designers  of  work 
have  been,  as  hitherto,  Professor  C~£~  A.  Winslow,  Biologist  in  Charge, 
aad  Professor  Earle  B*  Phelps,  Research  Chemist  and  Bacteriologist 

It  is*  however,  to  the  anonymous  Donor,  whose  keen  and  stimulating 
safj nl  inn  1  and  criticisms  ami  whose  substantial  support  have  given 
hath  fife  ami  power  to  the  work,  that  public  thanks  are  primarily  due 
for  the  results  attained. 
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I.   HISTORY  AND  PRESENT  STATUS  OF  THE 
PROBLEM. 

In  1858,  when  the  causes  of  epidemic  disease  were  still 
shrouded  in  profound  mystery,  an  able  and  distinguished  sani- 
tarian, Charles  Murchison,  brought  forward  what  he  held  to  be 
conclusive  evidence  that  typhoid  fever  was  "produced  by  ema- 
nations from  decaying  organic  matter."  To  disease  thus  gene- 
rated spontaneously  from  decomposing  filth  he  gave  the  name 
"pythogenic"  from  two  Greek  words  meaning  "generated  by 
decay."  For  a  long  time  this  theory  of  disease  held  complete 
sway,  particularly  in  England.  It  was  energetically  applied  by 
Chadwick  and  others  to  the  practical  reform  of  existing  condi- 
tions and  produced  a  far-reaching  improvement  in  the  cleanliness 
of  cities  and  towns,  not  only  in  England,  but  in  every  other  civi- 
lized country.  In  particular  the  substitution  of  house  drainage 
and  municipal  sewerage  systems  for  privy  vaults  and  cesspools 
made  rapid  progress  to  the  notable  advancement  of  the  public 
health. 

It  was  not  unnatural  that  the  horror  of  filth  inculcated  by 
these  early  sanitarians  should  have  developed  into  an  equally  ex- 
treme dread  of  the  systems  of  pipes  and  drains  by  which  the  filth 
was  carried  away.  Sewer  gas  became  the  residuary  legatee  of 
the  whole  pythogenic  theory.  Even  twenty-five  years  ago  it  was 
conceived  as  a  deadly  miasma  laden  with  the  elements  of  almost 
every  disease  known  to  medical  science.   One  prominent  writer 
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of  the  time  aaid*  "If  we  look  for  the  cause  of  the  large  mortality 
from  zymotic  diseases  in  our  cities,  we  find  it  principally  in 
sewer-gas  poisoning.  Other  causes  operate  to  swell  the  total, 
but  to  bad  plumbing  we  may  attribute  the  prevalence  of  pytho- 
graic  pneumonia,  peritonitis,  inflammatory  rheumatism,  typhoid 
and  malarial  fevers,  croup,  diphtheria,  and  many  kindred  dis- 
ease*.'* This  is  scarcely  an  extreme  statement  of  the  best  sani- 
tary opinion  of  a  generation  ago. 

When  the  germ  theory  of  disease  was  established  between 
i860  and  1880,  by  the  work  of  Pasteur  and  Koch,  it  was  neces- 
sary to  revise  these  earlier  views.  It  was  proved  by  Pasteur  and 
bts  successors  that  epidemic  diseases  are  caused  not  by  gaseous 
emanations  but  by  minute  plant  and  animal  parasites  and  that 
these  parasites  are  not  generated  in  decomposing  filth  but  come 
from  previous  cases  of  disease*  It  was  easy  to  see  how  filthy 
conditions,  which  lead  to  the  contamination  of  food  by  excreta, 
promote  the  spread  of  germs.  It  did  not  follow,  however  that  the 
air  of  drains  and  sewers  could  spread  the  living  microbes  of  dis- 
ease, without  the  direct  contact  of  some  more  tangible  carrying 
agent  This  point  remained  to  be  proved ;  and  a  new  field  of  ex- 
perimental bacteriology  had  to  be  developed  before  the  question 
could  !*■  an<werc<]  Xa^eli  was,  perhaps,  the  first  to  studv  this 
point  carefully.  In  his  book  Die  medertn  Pilze.  (Munich,  1877), 
be  reported  numerous  experiments  Ix-aring  on  the  transmission 
of  germs  from  liquids  into  the  adjacent  air.  Putrescent  and 
putifjcible  liquids  were  kept  in  sealed  vessels  together  for  over 
three  years  without  air  infection  taking  place ;  in  another  series 
of  experiments  air  was  drawn  through  a  layer  of  sand,  wetted 
with  a  put  reset ng  liquid,  and  then  through  a  sterile  infusion, 
without  infecting  the  latter.  Nageli  concluded  that  "Infectious 
materials  in  general,  pass  into  the  air  only  after  drying,  and  then 
m  the  form  of  dust" 

If  this  conclusion  were  justified  there  seemed  little  danger  of 
tike  carriage  of  bacteria  by  the  constantly  saturated  air  of  sewers. 
A  new  possibility  was  suggested  at  about  this  time,  however,  by 
•one  experiments  of  Sir  Edward  Frankland  in  England  on  the 
discharge  of  chemical*  in  solution  into  the  air  umier  various 
condition*.  He  used  a  solution  of  lithium  chlorid  and  tested 
for  in  presence  by  exposing  the  air  above  to  the  action  of  a  Bun- 
sen  burner.  After  violent  agitation  with  a  wooden  rod  no 
lithium  couM  be  delected  in  the  air.  When,  on  th«r  other  hand, 
effervescence  was  produced  in  the  solution  by  the  addition  of 
hydrochloric  actd  and  marble,  the  characteristic  color  of  lithium 
was  apparent  in  the  Bunsen  flame  at  the  end  of  a  tube  at  feet 
above  the  liquid.  The  conclusions  were  drawn  that  "the  mode- 
rate agitation  of  a  liquid  does  not  cause  the  suspension  of  liquid 
particles  capable  of  transport  by  the  circumambient  air/*  but 
"the  breaking  of  minute  gas  bubbles  on  the  surface  of  a  liquid 
consequent  upon  the  generation  of  gas  within  the  body  of  the 
Bqnftd  is  a  potent  cause  of  the  suspension  of  transportabW  Yv\>u& 
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particles  in  the  surrounding  air ;  and  therefore  when,  through  the 
stagnation  of  sewage  or  constructive  defects  which  allow  of  the 
retention  of  excrementitious  matters  for  several  days  in  the 
sewer,  putrefaction  sets  in  and  causes  the  generation  of  gases, 
the  suspension  of  zymotic  matters  in  the  air  of  the  sewer  is  ex- 
tremely likely  to  occur."  (E.  Frankland,  On  the  Transport  of 
Solid  and  Liquid  Particles  in  Sewer  Gases;  Proceedings  of  the 
Royal  Society  of  London,  1876—7,  XXV.,  542.) 

Almost  exactly  similar  results,  as  regards  bacteria,  were  re- 
ported in  this  country  by  Raphael  Pumpelly  in  a  communication 
to  the  National  Board  of  Health  on  The  Relation  of  Soils  to 
Health,  (Annual  Report  of  the  National  Board  of  Health  for 
1881,  p.  223).  He  drew  air  over  a  decomposing  liquid  and  then 
bubbled  it  through  a  sterile  putrescible  fluid;  or  else  bubbled  it 
through  the  two  liquids  in  succession.  His  final  conclusions  were 
as  follows:  "At  normal  summer  temperatures  no  germs  were 
given  off  from  the  decomposing  liquids  whenever  their  surfaces 
remained  unbroken,  even  though  in  some  of  the  experiments  the 
air  was  continuously  conducted  over  them  in  a  slow  current. 
When  the  surfaces  of  the  liquids  were  broken,  however,  by  the 
bursting  of  bubbles,  germs  were  invariably  given  off  and  the 
sterilized  infusions  infected,  no  matter  how  slowly  the  aspira- 
tion was  conducted." 

These  investigations  clearly  indicated  that  bacteria  could  be 
given  off  to  the  air  from  an  infected  liquid  by  the  bursting  of 
bubbles.  It  was  important  to  determine  by  an  examination  of 
the  actual  conditions  in  drains  and  sewers  how  serious  this  con- 
tamination might  be ;  and  in  the  eighties,  when  bacteriology  was 
a  fascinating  novelty,  there  were  many  investigators  ready  to  at- 
tempt the  task. 

Some  of  the  earliest  bacterial  examinations  of  sewer  air  were 
made  by  the  French  bacteriologist,  Miquel,  and  reported  in  his 
work  on  the  living  organisms  of  the  air,  (P.  Miquel,  Les  organ- 
ismes  vivants  de  Tatmosphere,  Paris,  1883).  He  discussed  his 
results  as  follows :  "In  summer  the  air  of  the  Rue  de  Rivoli  may 
be  five  or  six  times  as  impure  as  the  air  of  the  sewer.  In  winter 
the  reverse  relation  may  be  found;  the  air  of  the  public  street 
may  be  five  or  six  times  as  pure  as  the  air  of  the  sewer  below." 
Miquel  found  that  the  germs  isolated  from  sewer  air  were  of 
somewhat  different  character  from  those  observed  in  the  atmo- 
sphere of  the  street.  They  grew  more  rapidly  in  his  flasks,  more 
frequently  produced  putrefactive  changes  and  more  often  grew 
under  anaerobic  conditions.  Inoculation  into  animals,  however, 
failed  to  reveal  the  presence  of  any  pathogenic  forms. 

At  a  later  date,  in  1893,  Miquel  began  to  make  routine  monthly 
examinations  of  the  air  of  the  Paris  sewers  in  connection  with 
the  work  of  the  Montsouris  observatory.  From  that  year  until 
1899  he  published  annually  a  table,  showing,  by  months,  die  rela- 
tive number  of  bacteria  in  the  air  of  a  Paris  street,  (Hotel  de 
Ville),  and  in  the  Paris  sewers,  in  comparison  with  the  number 
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present  in  the  air  of  the  country  at  Montsouns.  (Annuaire  sta- 
ttsttque  de  la  villc  de  Paris).  The  yearly  averages  for  the  three 
Incntinira  are  shown  in  the  table  below. 


BACTERIA  IN  COUNTRY  AIR,  CITY  AIR  AND  SEWER  AIR 
(Miqael).     Bacterid  per  cubic  meter. 


Country  Air 

City  Str«*t 

Sewer  Air 

MonUoum 

Hotel  VUle 

5015 

Ml 

285 

SUS 

MM 

230 

9775 

IM&S 

330 

7615 

2560 

iw 

was 

3W 

KM 

197 

5410 

3875 

mm 

5200 

mm 

Si 

2910 

Uffelmann  in  1886-7,  (Uffelmann,  Luftuutersuchungen, 
suscgetuhrt  im  hygicnischen  lnstitut  dcr  Universitat  Rostock, 
Archiv  fur  Hygiene,  1888,  VHL,  262),  examined  the  air  of  the 
awn  drain  of  a  house  at  Rostock  just  above  what  corresponded 
ID  the  running  trap,  taking  9  samples  at  intervals  extending  over 
a  year.  The  largest  number  of  bacteria  found  in  10  liters  of  air 
was  8,  the  smallest  o,  and  the  average,  3.  A uro coccus  aureus, 
(Staphylococcus  pyogenes  aureus),  was  isolated  twice,  but  no 
Other  pathogenic  organisms  were  found. 

In  1887,  Petri  examined  the  air  of  a  Berlin  sewer  and  found 
on  one  occasion  t  bacterium  and  3  molds  in  100  titers  of  air;  on 
—tther  occasion  no  bacteria  and  one  mold  in  the  same  volume, 
*  R  I.  Petri,  Eine  neue  Methode  Bactcrien  uml  Ptlzsnorcn  in 
dcr  Lnft  nachruwetsen  und  zu  zahlen,  Zeitschrift  fur  Hvgicne, 
U8MIL,  1). 

One  of  the  most  important  studies  of  the  actual  condition 
of  sewer  air  was  carried  out  in  England  in  this  same  vear  ( 1887) 
by  Camelley  and  Haldane  <T,  Carnelley  and  I.  S.  Haldane,  The 
Air  of  Sewers,  Proceedings  of  the  Royal  Society  of  London, 
1887,  XLIL,  394  and  501).  These  investigators  examined  the 
•ewers  under  the  Houses  of  Parliament  at  Westminster,  and  also 
a  umber  of  sewers  in  Dundee,  using  Hesse's  sedimentation  tube 
method  for  their  quantitative  work.  In  each  case  their  results 
were  controlled  by  the  examination  of  the  air  of  adjacent  streets. 
It  appeared  that  in  almost  every  case  the  number  of  micro-organ- 
ipsa  present  was  smaller  in  the  sewers  than  in  the  streets.  The 
average  for  the  whole  series  gave  about  9  per  liter  in  the  former 
and  16  per  liter  in  the  latter  Furthermore  the  number  of  micro- 
organisms  present  was  highest  in  the  best  ventilated  sewers  and 
varied  with  variations  in  the  contents  of  the  street  air.  The  kinds 
of  polonies  appearing  on  the  plates  and  the  proportion  of  molds 
to  bacteria  was  the  tame  in  street  and  sewer  air.  The  authors 
concluded  that  "The  micro-organisms  in  sewer  air  come  entirely, 
or  nearly  to,  from  the  outside  and  are  not  derived,  or  aoJ?j  xH 
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relatively  small  numbers,  from  the  sewer  itself."  They  note, 
however,  one  interesting  exception.  In  several  cases  drains  en- 
tering the  sewers  from  above  discharged  their  contents  so  as  to 
produce  a  violent  splashing.  Under  such  circumstances  a  con- 
siderable increase  in  the  bacterial  content  of  the  air  was  appar- 
ent in  the  vicinity. 

The  points  of  greatest  significance  in  this  work  appear  to  be 
two;  first,  that  air  in  contact  with  a  stream  of  quietly  flowing, 
infected  liquid  contains  less  bacteria,  rather  than  more,  on  ac- 
count of  the  proximity  of  the  wet  surface;  and  second,  that  the 
splashing  of  such  a  liquid  may  cause  at  least  a  transitory  infec- 
tion of  the  adjacent  air.  Both  these  facts  were  also  demon- 
strated by  Carnelley  and  Haldane  experimentally  in  the  labora- 
tory. They  drew  the  air  of  the  room  through  a  glass  tube  5 
feet  long,  in  which  a  stream  of  water  was  flowing, — the  velocity 
of  the  air  current  being  10  inches  per  second.  The  number  of 
bacteria  in  the  air  decreased  by  nearly  half.  On  the  other  hand 
air  drawn  through  a  box  into  which  an  infected  liquid  was 
splashed  from  a  height  showed  an  infection  of  300 — 600  bacteria 
per  liter  even  after  passage  through  the  5-foot  glass  tube. 

The  final  conclusions  of  the  authors  were  as  follows,  "The 
results  of  the  foregoing  investigations  are  clearly  such  as  to  make 
us  much  more  suspicious  as  to  supposed  evidence  of  the  bad 
effects  of  ordinary  sewer  air,  such  as  that  of  the  sewers  examined 
by  us.  At  any  rate  it  is  evident  that  'sewer  gas/  unless  it  has  been 
vitiated  by  splashing,  has  a  much  less  deadly  composition  than 
is  often  supposed." 

Essentially  the  same  experiments  were  presented  by  Dr. 
Haldane  at  the  Bolton  Congress  of  the  Sanitary  Institute.  (J.  S. 
Haldane,  The  Air  of  Buildings  and  Sewers ;  Transactions  of  the 
Sanitary  Institute  of  Great  Britain,  1887-8,  IX.,  395)  ;  but  he  also 
reported  some  additional  examinations  made  in  the  sewers  of 
Bristol  which  were  selected  from  the  fact  that  they  were  entirely 
closed  except  at  two  manholes  near  the  outfall.  At  one  manhole 
in  which  a  current  of  air  was  setting  out  from  the  sewer  only  2 
micro-organisms  per  liter  were  found.  At  the  other  manhole 
there  was  a  down  current  which  mixed  street  and  sewer  air. 
The  number  of  organisms  here  was  about  8  per  liter  against  13 
for  the  air  of  the  street. 

Similar  results  were  reported  a  little  later  by  Robertson,  (A 
Study  of  the  Micro-organisms  in  Air,  especially  those  in  Sewer 
Air,  and  a  New  Method  of  Demonstrating  them ;  British  Medical 
Journal,  1888,  Dec.  15).  He  found  less  bacteria  in  the  air  of 
the  sewers  of  Penrith,  than  in  street  air ;  the  average  numbers  per 
liter  were  4  and  6  respectively.  More  bacilli  were  found  in  the 
sewer  air  and  more  cocci  in  the  street  air. 

A  few  years  later,  two  important  reports  upon  this  subject 
were  made  to  the  London  County  Council  by  Laws,  (J.  P.  Laws, 
Report  on  Sewer  Air  Investigations,  London  County  Council 
No.  126,  1893),  and  J.  P.  Laws  and  F.  W.  Andrewes,  Report 
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the  Result  of  Investigations  cm  the  Micro-Organisms  of 
Sewage  London  Council  No.  216,  1894).  In  the  first  of 
these  papers  Mr.  Laws  reported  from  an  examination  of 
Loodon  sewers  that,  "Sewer  air  contains  a  smaller  number  of 
bacteria  Chan  outside  air/'  and  that,  "the  micro-organisms  in 
the  sewer  air  are  related  to  the  micro-organisms  in  the  air  out" 
and  not  to  the  micro-organisms  of  the  sewage/"  From  a 
of  experiments  carried  out  in  an  experimental  9  foot 
rer,  80  feet  long,  he  concluded  that  the  wetted  surfaces  of  a 
cannot  give  off  germs  to  the  air  under  natural  conditions* 
He  kept  the  sewer  full  for  several  periods  of  24  hours,  partially 
emptied  it,  and  drew  air  through  it,  even  at  rates  as  high  as  5 
and  15  feet  per  second,  without  finding  evidence  that  bacteria 
"  been  detached  from  the  walls.  Even  splashing  he  concluded 
unlikely  to  produce  appreciable  infection.  Sewage  falling 
an  egg-shaped  sewer,  11  feet  by  9,  from  the  middle  of  its 
height  produced  practically  no  effect  upon  the  number  of 
micro-organisms  tn  the  air. 

In  a  second  investigation,  in  collaboration  with  Dr.  An- 
drewes,  Mr.  Laws  extended  his  work  by  a  careful  comparison  of 
the  lands  of  bacteria  found  in  sewage  and  sewer  air.  The  most 
abundant  forms  in  the  sewer  air  were  molds  and  micrococci, 
w  hich  arc  characteristic  of  ordinary  street  air  and  are  rare  in 
sewage*  On  the  other  hand,  B.  coli  the  most  typical  sewage 
form,  was  never  found  hi  sewer  air.  The  authors  conclude  as 
follows,  "We  consider,  therefore,  that  the  study  of  the  sewage 
on  which  we  have  been  engaged,  fully  confirms  the 
previously  arrived  at  from  the  study  of  the  micro-or- 
of  aewer  air,  viz.,  that  there  is  no  relationship  between 
the  organisms  of  sewer  air  and  sewage/* 

At  about  the  same  time  Smith,  (J.  McG.  Smith,  Air  in  the 
Sewers  of  Sydney,  Sixth  Annual  Report  of  the  Metropolitan 
of  Water  Supply  and  Sewerage,  1893),  reported  rather 
umbos  of  bacteria  in  the  air  of  the  sewers  of  Sydney.  As 
average  of  20  determinations  he  found  225  germs  per  liter, 
the  individual  numbers  ranging  from  7  to  2260.  The  particular 
Bated  by  htm  were  almost  without  exception  organisms 
in  street  air. 

A  year  later,  in  1894,  Dr.  A.  C  Abbott  of  Philadelphia  re* 
an  interesting  series  of  experimental  studies  along  the  line 
earlier  work  of  Nageli  and  Pumpelly.  (Chemical  Physi- 
cal and  Bacteriological  Studies  upon  Air  over  Decomposing 
stances  with  special  reference  to  their  Application  to  the  Air 
of  Sewers;  Transactions  of  the  Congress  of  American  Physi- 
cians and  Surgeons,  Third  Triennial  Session,  p.  36).  When  air 
mm  babbled  through  an  infected  liquid  and  then  drawn  through 
a  tube  of  15  mm.  inside  diameter  and  1  meter  long  bacteria  were 
transported  by  a  current,  having  a  velocity  of  16.5  cm.  per  mtn- 
Wfftt  hut  not  by  a  current  of  &6  cm.  per  minute  or  less*  With  a 
r  4.5  meters  long  a  velocity  of  268  cut  per  minute  carried  faac- 
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teria  in  only  two  out  of  four  experiments.  In  a  second  series  of 
investigations  Petri  dishes  were  exposed  in  a  large  bell  jar 
around  an  open  dish  of  a  culture  of  B.  prodigiosus.  Bubbling  of 
the  culture  was  brought  about,  either  by  adding  to  it  a  solution 
of  dextrose  and  a  culture  of  yeast,  or  by  blowing  air  into  it 
through  a  tube  passed  through  the  side  of  the  bell  jar.  When 
the  culture  was  agitated  by  natural  fermentation  no  colonies  of 
B.  prodigiosus  appeared  on  seven  plates  after  three  days.  With 
artificial  bubbling  at  a  low  velocity,  (3  1-2  liters  in  6  hours),  12- 
38  colonies  appeared  on  the  plates  after  twelve  hours.  Dr.  Ab- 
bott concluded  that  the  danger  of  bacteria  being  transmitted 
under  natural  conditions  was  practically  negligible. 

There  was  an  important  discussion  of  the  sewer  gas  problem 
at  the  meeting  of  the  German  Society  of  Public  Health  at  Stutt- 
gart in  1895.  Dr.  Kirchner  of  Hanover,  and  City  Engineer 
Lindley  of  Frankfurt  presented  the  chief  paper  of  the  session, 
(M.  Kirchner  and  Lindley,  Schadlichkeit  der  Canalgase  und 
Sicherung  unserer  Wohnraume  gegen  dieselben,  Deutsche 
Vierteljahrsschrift  fur  offentliche  Gesundheitspflege,  1896, 
XXVIII.,  152).  No  new  experimental  data  were  offered  but 
the  evidence  at  hand,  bacteriological  and  epidemiological,  was 
reviewed,  and  the  following  principal  conclusions  were 
reached : 

1.  The  assumption  of  the  spread  of  epidemic  diseases,  such 
as  Typhoid,  Cholera  and  Diphtheria,  by  sewer  gas  does  not  har- 
monize with  our  present  knowledge  of  the  nature  of  the  causa- 
tive agents  of  these  diseases. 

2.  On  the  other  hand,  the  gaseous  products  of  decomposi- 
tion arising  in  sewers  and  house-drains  may  be  harmful,  indi- 
rectly if  not  directly,  to  those  exposed  to  them  for  a  considerable 
time ;  they  may  produce  nausea  and  may  lower  the  general  tone 
of  the  body,  including  its  resistance  against  disease."  In  the 
succeeding  discussion  which  was  participated  in  by  a  number  of 
the  leading  sanitarians  of  Germany,  similar  opinions  were  ex- 
pressed by  many,  although  the  conclusions  of  the  authors  which 
were  presented  in  the  form  of  resolutions,  were  not  adopted  by 
the  Congress.  In  the  discussion  of  Kirchner  and  Lindley's  pa- 
per, (Deutsche  Vierteljahrsschrift  fur  offentliche  Gesundheit- 
spflege, 1896,  XXVIII.,  196),  Ficker  stated  that  in  experiments 
made  at  the  Hygienic  Institute  of  Breslau  it  appeared  that  air 
currents  of  a  velocity  of  several  meters  per  second  would  not 
lift  specific  germs  from  half-moist  soil  or  from  various  surfaces 
on  which  they  had  been  dried.  On  the  other  hand,  the  same  ob- 
server found  that  when  an  infected  liquid  was  discharged  in  a 
fine  spray  into  a  tube,  an  air  current  of  .5  cm.  per  second  could 
transport  germs  to  a  vertical  distance  of  seven  meters. 

No  further  experimental  results  on  the  bacteriology  of  sewer 
air  appear  to  have  been  reported,  from  1896  to  1907.  Public 
opinion  among  hygienists  molded  itself  upon  the  data  accumu- 
lated in  the  eighties  and  early  nineties.  The  interpretation  placed 
upon  these  data  has,  however,  varied  curiously  in  different  coun- 
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tries,  and  has  given  rise  to  that  anomalous,  but  not  unprecedented 
9,  a  national  difference  in  scientific  opinion* 
In  Germany  the  obvious  practical  difficulty  in  conceiving  of 
the  transfer  of  infectious  germs  by  the  agency  of  moist  air,  and 
the  experimental  results  of  Nageli,  Miquel,  Petri,  Uffelmann, 
and  Hatdane  and  Laws  and  Andrcwes,  have  led  to  an 
universal  scepticism 
Prof.  Fluggc  of  Brcslau,  as  far  back  as  1889,  (Grundriss 
der  Hygiene),  said,  "Still  less  are  the  gaseous  products  of  fecal 
decomposition  in  position  to  carry  infection.  The  special  dan- 
from  fecal  matter  has  been  erroneously  held  to  lie  in  these 
9*.  Malodorous  gases  from  closets  or  sewers  have  been 
responsible  by  physicians  and  laymen  alike,  particularly  in 
i,  for  the  spread  of  typhoid,  diphtheria,  erysipelas,  puer* 
fever,  etc;  but  this  attitude  is  entirely  uncritical  and  ig- 
the  most  recent  results  of  investigation*  The  untenability 
soch  views  has  been  clearly  shown  above/*  In  one  of  the 
important  German  treatises  on  hygiene,  Busing  (Die 
laltsation  Weyl*s  Handbuch  der  Hygiene,  Band  II).  says, 
~  cr  besides  the  poisonous  gases  in  sewer  air,  the  micro-or- 
present  have  any  appreciable  significance,  is  doubtful, 
liquet  has  made  studies  of  the  occurrence  of  bacteria  in  the  air 
me  Paris  sewers  with  good  currents  which  showed  that 
number  was  small,  smaller  than  the  number  found  in  the 
of  hospitals,  and  much  smaller  than  the  number  found  in  the 
of  streets  in  which  there  was  considerable  traffic/' 
These  quotations  are  typical  of  German  expert  opinion  in 
to  the  transmission  of  bacteria  by  sewer  air ;  and  in  this 
the  best  sanitary  authorities  have  reached  identical  con- 

Dr.  Charles  Harrington,  perhaps  the  leading  medical  sani- 
tarian in  this  country,  said,  "The  majority  and  the  best  of  Ger- 
investigators,  as  Fliigge,  Rubner,  Gartner,  Soyka,  Prausnitz 
others,  maintain  that  sewer  air  and  sewer  gases  are  quite  in- 
rapiMr  of  conveying  the  germs  of  typhoid  fever  and  other  in- 
fective diseases.  It  is  true  that  some  of  the  gases  given  off  in 
the  putrefaction  processes  which  go  in  sewers  are  more  or  less 
bus,  but  whether  they  arc  capable  of  producing  any  inju- 
1 effects  depends  very  much  on  the  amount  inhaled  and  on 
the  decree  of  concentration.  In  any  event,  they  are  certainly 
incapable  of  producing  any  infective  disease  in  the  absence  of 
the  specific  germ/'  (C  Harrington,  A  Manual  of  Practical 
Hygiene*  Philadelphia  and  New  York,  1901)* 

In  the  engineering  branch  of  the  profession  the  same  opin- 
prcvails.  Considerable  attention  has  been  directed  to  the 
during  recent  years  in  the  city  of  Winnipeg,  Manitoba, 
on  account  of  an  undue  prevalence  of  typhoid  fever*  This  was 
in  public  discussion  to  the  foul  air  arising  from  sewer 
inlets  and  ventilating  manholes*  After  a  careful  study  by  Col 
R  Rattan,  the  City  Engineer,  and  by  Alien  Haxen,  Consult* 
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ing  Engineer,  of  New  York,  Mr.  Hazen  reported  that  Col.  Rut- 
tan  has  "investigated  the  plumbing  in  a  considerable  series  of 
houses  in  Winnipeg  with  the  general  result  of  finding  that  the 
plumbing  is  not  associated  with  typhoid  fever.  In  fact,  his  sta- 
tistics show  a  somewhat  larger  proportion  of  cases  of  typhoid 
fever  in  the  houses  where  the  plumbing  is  good,  than  in  those 
where  it  is  defective."  Mr.  Hazen  sums  up  the  best  current 
American  opinion  in  the  following  sentence:  "After  many  years 
of  experience  and  long-continued  investigation  there  is  not  the 
slightest  reason  to  believe  that  infectious  diseases  are  carried  by 
the  air  of  sewers,"  (Engineering  News,  LIII.,  246).  So  Whip- 
ple, in  the  latest  American  text-book  on  typhoid  fever,  (G.  C. 
Whipple,  Typhoid  Fever,  New  York,  1908),  says,  "Typhoid 
germs  do  not  readily  leave  a  moist  surface.  Sticky  by  nature, 
they  adhere  until  dessication  loosens  their  dead  cells.  For  this 
reason,  sewer  air  is  not  to  be  looked  upon  as  a  direct  means  of 
infection." 

In  England,  on  the  other  hand,  a  widely  different  attitude 
toward  the  sewer  gas  question  has  been  maintained.  The  old 
pythogenic  theory  has  kept  a  strong  hold  on  the  minds  of  the 
conservative  British  sanitarian;  and  the  numerous  cases  where 
typhoid  fever  and  other  diseases  have  been  attributed  to  sewer 
gas  by  attending  physicians  and  health  officers  have  outweighed 
scientific  experimental  evidence. 

In  Notter  and  Firth's  Standard  Hygiene  the  authors  say  of 
sewer  air,  "Fungi  and  bacteria  grow  rapidly  in  such  air,  and 
meat  and  milk  soon  taint  when  exposed  to  it.  We  must  also  sup- 
pose, for  facts  leave  us  no  other  explanation,  that  those  agencies 
which  produce  enteric  fever  may  also  be  present.  That  dysentery 
and  diarrhoea  may  also  be  caused  by  exhalations  proceeding  from 
a  foul  sewer  we  cannot  doubt  but  the  precise  agency  is  here  also 
unknown.  Diphtheria  and  acute  follicular  tonsilitis  are  also  asso- 
ciated with  sewer  air;  and,  if  the  disease  does  not  originate  de 
novo,  when  once  it  breaks  out,  its  tendency  is  to  spread  where 
the  air  and  soil  are  polluted  by  sewage,"  (J.  L.  Notter  and  W.  H. 
Horrocks,  The  Theory  and  Practice  of  Hygiene,  London,  1900). 

To  quote  an  engineer,  Maguire,  in  his  lectures  on  Domestic 
Sanitary  Drainage  and  Plumbing,  (London,  1901),  says,  "It  is 
almost  a  settled  question  that  the  germs  of  typhoid  fever,  cholera, 
dysentery,  diarrhoea  and  other  diseases  may  be  present  in  and 
spread  by  cesspool  and  sewer  air.  Small-pox,  scarlatina,  measles, 
etc.,  if  not  arising  directly  from  sewer  air,  may  be  communi- 
cated from  house  to  house  by  unsuspected  sewer  and  drain  con- 
nections of  one  or  more  houses  with  an  infected  house  on  the 
same  line  of  public  sewer."  Middleton,  writing  from  the  stand- 
point of  the  architect  (The  Drainage  of  Town  and  Country 
Houses,  London,  1903),  states  that  the  "principal  disadvantage," 
of  the  water-carriage  system  of  sewage  "lies  in  the  possible 
generation  of  sewer  gas,  and  the  possibility  of  the  communication 
of  disease  germs  from  house  to  house." 
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Much  less  extreme  views  have  been  expressed  by  other  Eng- 
lish unitarian*,  of  the  highest  standing.  Not  to  quote  CantcHey 
Haldane  and  Laws  and  Andrewes  further,  reference  may  be 
to  H,  A.  Rocchling  who  in  his  admirable  book  on  Sewer 
its  Influence  upon  Health,  (London,  1898)  sums  up  as 
after  some  initial  hesitancy,  "looking  at  the  whole  case 
making  .ill  due  allowances,  it  Bppean  to  the  author  that  the 
chances  of  typhoid  fever  being  brought  about  through  the  con- 
veyance of  the  Bacillus  typhosus  in  sewer  air  are  somewhat  re- 
mote." 

Other  authorities  in  England  have  been  inclined  to  suspend 
judgment  on  the  whole  matter.  Thus  in  the  "Surveyor"  for  April 
17,  1908,  is  the  following  editorial  comment: 

"As  regards  the  bacteriological  aspect  of  the  question,  there 
is  wo  much  difference  in  the  results  obtained  from  the  expert* 
of  the  most  eminent  men  that  one  can  only  look  on  and 
Jcr.  When  one  reads  that,  from  the  experiments  of  Mr.  J, 
Parry- Laws  and  Dr.  Andrewes  on  the  micro-organisms  of  sew- 
and  sewer  air,  it  has  been  found  that  *  sewer  air  has  no  power 
taking  up  the  bacteria  from  the  sewage  with  which  it  is  in 
contact*  and  that,  bacteriological  l>\  the  air  of  sewers  is  no  worse 
than  that  of  the  street  above,  and  that,  in  fact,  the  number  of 
mknMirgmntatns  found  may  actually  be  less,  while  the  types  of 
arc  precisely  those  present  in  the  external  air,  and  not 
of  sewage ;  that,  in  fact,  the  B.  coli  communis  is  never 
in  sewer  air,  although  it  is  present  in  such  enormous  num- 
bers in  sewage,  and  that  the  possibility  of  the  existence  of  the  ty- 
badllus  in  the  air  of  sewers  is  infinitely  remote!  When 
reads  statements  such  as  these  and  then  compares  them  with 
the  statements  made  by  other  eminent  sanitarians,  scientists  and 
bacteriologists  who  are  in  opposition,  it  is  difficult  to  arrive  at 
any  conclusion*  With  Mr.  Read,  we  ask  for  'a  series  of  continu- 
ous experiments  upon  an  actual  drainage  and  sewage  system/ 
lasting  over  a  considerable  period.  Until  then,  argument  is  lit- 
tle better  than  beating  the  wind." 

To  sum  up:  the  experiments  carried  out  prior  to  1896 
•bowed  that  bacteria  might  be  transferred  from  sewage  to  the  air 
above. — but  apparently  only  by  active  splashing  or  bubbling.  The 
actual  number  of  bacteria  present  in  the  air  of  sewers  and  drains 
was  so  small  as  to  suggest  that  infection  of  this  sort  was  inap- 
preciable in  amount  These  experiments  have  convinced  the 
authorities  of  Germany  and  the  United  States  that  the 
of  transmitting  disease  germs  in  sewer  air  is  negligible, 
on  the  other  hand,  a  strong  body  of  sanitarians  still 
ife*  the  reality  of  the  danger. 

IL  RECENT  EXPERIMENTAL  RESULTS, 
A  little  over  a  year  ago,  at  the  request  of  the  National  Asso- 
of  Master-Plumbers,  I  attempted  (*»  ^ain  some  new  ex- 
evidence  as  to  the  practical  probability  of  the  am^ 
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of  bacteria  in  sewer  and  drain  air.  The  experiments  of  ten  years 
before  had  not  carried  universal  conviction,  even  in  regard  to 
the  air  of  sewers;  they  threw  still  less  light  upon  the  conditions 
which  exist  in  house  drains  themselves.  It  seemed  therefore  im- 
portant to  accumulate  further  data  by  actual  observation. 

My  experiments  were  carried  out  with  an  experimental  stack 
of  four-inch  soil  pipe,  15  feet  in  height,  connected  at  the  bottom 
with  an  open  running  trap,  and  at  the  top  with  an  exhaust  fan. 

Sewage  could  be  discharged  into  the  pipe  by  a  branch  con- 
nection entering  two  and  a  half  feet  above  the  running  trap.  Air 
was  drawn  up  the  pipe  at  high  speeds  by  the  exhaust  fan,  and 
immediately  after  stopping  the  fan,  samples  of  air  were  collected 
from  stop  cocks  at  intervals  along  the  stack. 

Four  conditions  were  studied.  In  one  series  of  experiments 
the  running  trap  was  entirely  sealed  by  pouring  in  2  liters  of 
sewage.  Only  the  maximum  draft  of  the  fan,  amounting  to  a 
flow  of  790  feet  per  minute  through  the  open  pipe,  could  unseal 
the  trap  under  these  conditions.  In  one  of  two  tests  a  slight  in- 
crease in  the  number  of  bacteria  was  noted  at  the  stop  cock  2 
feet  above  the  trap  after  drawing  the  air  through  the  sewage  in 
this  way.  In  a  second  series  of  experiments  the  running  trap 
was  partially  sealed  by  pouring  in  a  liter  and  a  half  of  sewage. 
When  air  was  drawn  through  this  seal  at  a  rate  corresponding  to 
490  feet  per  minute,  one  or  two  germs  per  liter  only  appeared  in 
the  pipe,  about  the  number  found  in  normal  air.  With  a  rate  of 
620  feet  on  the  other  hand,  18  bacteria  per  liter  appeared  in  one 
test  2  feet  above  the  trap ;  14,  7  feet  above ;  and  5,  12  feet  above. 
In  another  test  characteristic  intestinal  bacteria  appeared  two  feet 
above  and  17  feet  above  the  trap  at  the  620  rate.  When  air  was 
drawn  at  high  velocities  over  a  liter  of  sewage  in  the  bottom  of 
the  unsealed  trap,  no  perceptible  increase  was  noted  in  the  bac- 
terial content  of  the  pipe.  Finally,  in  a  fourth  series  of  tests, 
the  lower  two  and  a  half  feet  of  the  stack  were  thoroughly  wetted 
by  allowing  sewage  to  flow  in  through  the  side  connection.  Air 
drawn  over  this  wetted  surface  showed  in  one  case,  with  an  air 
current  of  790  feet  per  minute,  a  slight  increase  in  the  number  of 
bacteria  present,  (5  per  liter,  12  feet  above).  As  a  general  result 
of  these  experiments  I  concluded  that  very  strong  currents 
of  air  could  detach  bacteria  from  sewage  through  which  they 
bubbled  or  from  moist  surfaces  over  which  they  passed,  so  as  to 
cause  an  appreciable  increase  in  the  bacterial  content  of  the  air. 
More  moderate  currents,  such  as  would  occur  under  actual  con- 
ditions apparently  failed  to  do  so.  Furthermore,  even  under  the 
most  extreme  conditions  the  increase  in  the  bacterial  content  of 
the  drain  air  was  small.  Only  three  specific  intestinal  organisms 
were  found  in  the  air  in  my  entire  series  of  experiments.  I  con- 
cluded that  "with  such  a  high  dilution  the  chance  of  infection 
through  the  drain  air  was  but  slight,"  and  that  "the  carriage  of 
disease  germs  from  the  air  of  a  house  drainage  system  is  an  im- 
probable contingency." 
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At  just  about  the  time  at  which  I  made  this  report  to  the 
National  Association  of  Master  Plumbers  another  series  of  ex* 
of  great  importance  was  reported  by  an  English  bac- 
_  it.  Major  W.  H  Horrocks  of  the  Royal  Army  Medical 
Corp*  of  Great  Britain.  This  communication  was  entitled,  "Ex- 
made  to  determine  the  conditions  under  which  'Spe~ 
Bacteria  derived  from  Sewage  may  be  present  in  the  Air 
of  Ventilating  Pipes,  Drains,  Inspection  Chambers  and  Sewers/' 
It  was  read  before  the  Royal  Society,  February  7,  1907,  and 
published  in  the  Proceedings  of  the  Royal  Society,  Series  B,  Vol 
LXXIX,  No.  B  531,  p.  ass- 
Major  Horrocks  approached  the  subject  from  the  general 
standpoint  of  the  English  sanitarians,  with  the  assumption  that 
the  carriage  of  bacteria  by  sewer  and  drain  air  was  a  probability 
least.  He  stated  his  general  object  as  follows:  "Most  sani* 
at  the  present  time  believe  that  when  sewage  is  in  a  putre* 
ive  condition  and  gas  bubbles  rising  through  it  are  bursting 
at  the  surface,  bacteria  may  be  carried  into  the  air  of  drains  and 
sewers.  It  is  also  considered  possible  that  when  sewage  has  dried 
on  the  surfaces  of  pipes,  bacteria  may  be  separated  as  dried  par- 
tides  and  carried  some  distance  by  currents  of  air  passing 
the  pipes.  The  following  experiments  were  designed  to 
whether  there  are  any  scientific  facts  on  which  to  base 
beliefs," 

Major  Horrocks*  investigations  were  carried  out  at  the  fort* 
of  Gibraltar.  They  consisted,  in  the  main,  in  the  exposure 
Petri  plates, — shallow  glass  dishes,  filled  with  a  nutrient  me- 
(nutrose  agar), — in  pipes,  ventilating  chambers,  etc.,  over 
sewage  or  sewage  specially  infected  with  particular  bac- 
After  a  given  time  the  dishes  were  removed  to  an  incu- 
ml  any  germs  which  had  fallen  on  them  while  in  the  pipe 
identified  by  appropriate  tests. 
In  the  first  aeries  of  experiments  the  Bacillus  prodigiosan 
was  used,  a  peculiar  bacterium  which  forms  characteristic  red 
tolooies  on  agar  plates.  An  elbow  was  attached  to  one  end  of  a 
2-foot  length  of  6-inch  pipe  and  a  half-S  trap  to  the  other.  On 
the  tipper  side  of  the  trap  was  set  up  a  vertical  stack  8  feet 
high.  Plates  were  suspended  in  the  vertical  pipe,  and  soapy 
water,  inoculated  with  an  emulsion  of  B.  prodigiosus,  was  poured 
through  the  horizontal  pipe  into  the  trap.  After  two  hours  the 
were  removed  from  the  vertical  pipe,  the  highest  of  them 
j  been  placed  9  feet  above  the  flowing  liquid.  Colonies 
B.  prodigwsus  appeared  on  every  plate.  A  similar  experiment 
then  carried  out  with  a  catch  pit  on  the  storm  water  system 
the  town.  An  emulsion  of  B*  prodigiosus  was  poured  into  the 
which  was  actively  bubbling  and  fermenting.  Plates  suspended 
re  the  liquid  for  twenty-four  hours  showed  numerous  colonies 
B,  prvdigionu.  while  others  exposed  outside  the  pit  did  not 
A  second  series  of  experiments  dealt  with  the  carriage,  by 
air,  of  bacteria  detached  from  dried  surface*.  T\uee  a-taofc 
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lengths  of  6-inch  pipe  were  laid  on  the  ground,  and  their  interior 
was  thoroughly  wetted  with  a  rich  emulsion  of  B.  prodigiosus. 
After  drying,  they  were  fitted  together  to  form  a  vertical  stack 
attached  to  a  horizontal  pipe  through  which  sewage  flowed 
slowly  to  keep  up  an  air  current,  Plates  suspended  in  the  verti- 
cal pipe  for  20  minutes  were  studded  with  colonies  of  B.  prodi- 
giosus, while  control  plates  exposed  to  the  air  were  free  from 
such  organisms. 

The  third,  and  most  detailed,  series  of  experiments  dealt 
with  the  infection  of  air  from  flowing  sewage.  Repeated  in  vari- 
ous forms  the  essential  points  were  as  follows.  Sewage,  inocu- 
lated with  cultures  of  the  typhoid  bacillus  or  of  B.  prodigiosus, 
was  allowed  to  flow  for  half  an  hour  through  a  horizontal  6-foot 
pipe  to  which  a  vertical  pipe  was  connected  at  some  intermediate 
position.  Plates  were  exposed  in  the  vertical  pipe,  usually  for 
24  hours,  but  in  a  few  cases  for  20  minutes  only.  The  bacteria 
in  the  liquid  flowing  through  the  horizontal  pipe  were  regularly 
recovered  from  the  plates  suspended  in  the  vertical  pipe.  In  some 
cases  the  vertical  distance  of  the  highest  plate  above  the  liquid 
was  11  feet  9  inches.  A  few  very  striking  tests  were  made  with 
actual  drainage  systems.  Emulsions  of  B.  prodigiosus  were 
flushed  out  from  water  closets  in  two  buildings  and  plates  sus- 
pended in  various  parts  of  the  ventilating  pipes  showed  the  char- 
acteristic colonies.  These  plates  were  exposed  for  24  hours  and 
the  specific  bacteria  appeared  fifty  feet  above  the  water  closet  in 
one  case.  A  third  experiment  was  made  with  a  series  of  manholes 
and  inspection  chambers  on  the  drainage  system  of  a  hospital 
block.  An  emulsion  of  B.  prodigiosus  was  flushed  into  the  sewer 
from  one  set  of  water  closets  and  plates  were  exposed  at  various 
points.  Those  in  open  connection  with  the  sewer  showed  charac- 
teristic colonies,  while  in  disconnected  inspection  chambers  none 
were  found.  Most  striking  of  all,  an  unsuspected  connection  was 
discovered  by  the  presence  of  the  germ  in  one  chamber  where  it 
was  not  expected.  In  some  of  the  experiments,  the  plates  were 
exposed  for  twenty  minutes  only. 

The  investigator  then  exposed  plates  in  the  ventilating  pipe 
of  the  Military  Hospital  for  24  hours  and  in  the  inspection  cham- 
ber of  the  main  sewer  of  the  town  for  4  hours  without  adding  any 
special  bacteria  to  those  normally  present  in  the  sewage,  B.  coti, 
the  characteristic  sewage  organism,  was  found  in  both  cases. 
Finally  he  made  up  a  suspension  of  the  stool  of  a  typhoid  patient, 
in  2  gallons  of  water  and  passed  it  12  times  slowly  through  a 
half-S  trap.  Plates  suspended  in  a  vertical  pipe  connected  with 
the  trap  showed  several  colonies  of  the  typhoid  bacillus  at 
heights  of  2  feet  and  3  feet  6  inches  above  the  trap. 

Major  Horrocks'  principal  deduction  from  these  experi- 
ments was  stated  as  follows  "Specific  bacteria  present  in  sewage 
may  be  ejected  into  the  air  of  ventilation  pipes,  inspection  cham- 
bers, drains  and  sewers  by  (a)  the  bursting  of  bubbles  at  the 
surface  of  the  ««»ase,  (b)  the  separation  of  dried  particles  from 
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walls  of  pipes,  chambers  and  sewers,  and  probably  by  (c)  the 
ejection  of  minute  droplets  from  flowing  sewage/* 

Very  recently  Dr.  F.  W.  Andrewes  of  the  English  Local 
Government  Board  has  extended  and  confirmed  Major  Horrocks' 
tn  a  still  more  striking  manner.  (Report  on  the  Micro- 
present  in  Sewer  Air  and  in  the  Air  of  Drains.  Sup- 
t&t  to  the  Thirty-sixth  Annual  Report  of  the  Local  Govern- 
Board  containing  the  Report  of  the  Medical  Officer  for 
1906-07,  page  183).  Dr.  Andre wes  found  by  the  use  of  the  dif- 
ferential fermentation  tests  devised  by  Mr.  M.  H.  Gordon  and 
brilliantly  applied  by  himself  to  the  streptococci,  that  a  num- 
ber of  cocci  isolated  from  sewer  and  drain  air  were  of  character- 
istic sewage  type  and  were  different  from  those  found  in  street 
Colon  bacilli  were  also  isolated  from  the  air  of  a  large  drain 
and  finally  Horrocks'  experiments  with  B.  prodigiosus  were  re- 
peated with  similar  results.  The  test  organisms  were  recovered 
in  large  numbers  at  points  of  vigorous  local  splashing,  and  they 
were  found  once  at  a  distance  of  390  feet  from  the  point  of  in- 


According  to  accepted  opinions  in  Germany  and  the  United 
tes.  the  conclusions  which  might  naturally  be  drawn  from 
investigations  as  to  the  possible  danger  of  bacterial  infec- 
from  sewer  air  were  really  revolutionary.  In  some  quarters 
the  Gibraltar  experiments  have  provoked  almost  a  return  to  the 
extreme  dread  of  sewer  air  which  characterized  sanitary  opinion 
years  ago*  The  Journal  of  the  American  Medical  Asso- 
1,  (XLVIII,  1896),  in  commenting  editorially  upon  Major 
Horrocks1  experiments  said  in  its  issue  of  June  1,  1907:  "He 
found,  too,  that  typhoid  bacilli  could  be  given  out  by  fresh  sew* 
Bowing  through  a  well-drained  sewer  under  natural  condi* 
independently  of  bubbles  and  the  separation  of  dried  parti- 
from  the  walls*  The  sewer  peril,  therefore,  still  exists  and 
traps  are  sanitary  necessities.  It  is  possible  that  we 
have  to  look  to  sewer  emanations  as  the  occasional  cause 
mysterious  outbreaks  of  disease.  Air-borne  typhoid  is  a  real- 
under  other  conditions,  and  apparently  we  shall  have  to  rccog- 
a  possibility,  though  perhaps  a  remote  one,  of  its  convey- 
by  the  old-fashioned  sewer  gas."  In  the  Illinois  State 
ird  of  Health  Bulletin  for  May-June,  1907,  the  results  of 
lajor  Horrocks  were  cited  in  defense  of  the  statement  made  tn 
previous  bulletin  that :  "There  is  no  doubt,  also,  that  sewer  gas 
;  a  carrier  of  diphthcrctic  poison  and  that  many  outbreaks  hence 
dose  relationship  with  defective  drainage,  sewers  and  cess- 
~  a  statement  which  had  been  criticised  by  a  reviewer  hi 
American  Journal  of  Public  Hygiene,  (XVII,  130  and  261). 
A  more  conservative  view  on  the  other  hand  was  expressed  by 
most  competent  sanitary  authorities.  Dr.  C  V.  Chaptn  of 
ridencc,  for  example,  reviewed  Major  Horrocks*  paper  at 


MIt  has  of  late  been  believed  that  the  chance  of  the  transmit- 
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sion  of  the  infectious  diseases  by  sewer  air  is  nil.  A  number  of 
examinations  have  been  made  which  have  indicated  that  sewer 
air  is  comparatively  free  from  germs,  and  attempts  to  isolate 
pathogenic  bacteria  from  the  air  of  sewers  have  given  negative 
results.  A  recent  work  by  Horrocks  (Public  Health,  May, 
I9°7>  Pa&e  495  )>  indicates  that  pathogenic  germs  may  be  car- 
ried by  sewer  air.  Major  Horrocks,  among  other  numerous  ex- 
periments, inoculated  the  sewage  of  a  large  military  hospital  at 
Gibraltar  with  a  culture  of  B.  prodigiosus.  The  culture  was  put 
into  the  water  closets  and  the  bacillus  was  recovered  on  plates 
suspended  in  the  top  of  the  soil  pipe,  in  catch  basins,  and  in  man- 
hole openings  in  the  street  many  feet  distant. 

The  experiments  were  carefully  conducted,  and  control 
plates  showed  that  the  organism  was  not  found  in  the  air  of  Gib- 
raltar. One  should  not,  however,  hastily  jump  to  the  conclusion 
that  sewer  air  is  commonly  a  vehicle  of  infection.  There  is  prac- 
tically no  clinical  evidence  to  show  that  typhoid  fever  and  other 
infectious  diseases  are  transmitted  by  sewer  air,  and,  indeed,  the 
evidence  that  diseases  in  general  are  often  air-born  is  very  slight. 
There  is  on  the  contrary  evidence  to  show  that  minute  infected 
droplets,  or  dust  particles  may  float  in  the  air  in  considerable 
numbers  without  causing  disease.  Until  this  subject  has  been 
further  studied  it  is  to  be  hoped  that  health  officers  will  not  be 
in  a  hurrv  to  resuscitate  the  sewer  gas  bogey."  (American  Jour- 
nal of  Public  Hygiene,  XVIL,  296). 

III.  REPETITION  OF  HORROCKS'  EXPERIMENTS. 
Experimental  results  which  conflict  with  common  experi- 
ence may  justly  be  received  with  some  scepticism.  Dr.  Chapin, 
and  others  who  hold  with  him,  have  ground  for  feeling  that  if 
bacteria  are  easily  carried  by  sewer  air  there  should  be  sound  epi- 
demiological evidence  of  such  transmission.  Further  more,  it 
must.be  remembered  that  all  previous  examinations  of  sewer  and 
drain  air  under  normal  conditions  have  shown  it  to  be  singularly 
free  from  germ  life  and  have  indicated  that  the  bacteria  present 
are  as  a  rule  air  forms  rather  than  those  characteristic  of 
sewage. 

Nevertheless  experiments  carried  out  with  such  apparent 
care  as  those  made  at  Gibraltar  and  in  England  deserve  careful 
consideration.  The  eminent  position  of  Major  Horrocks*  and 
Dr.  Andrewes  lends  great  weight  to  their  conclusions;  and  the 
negative  results  of  the  control  experiments  reported  make  it  un- 
likely that  the  work  could  have  been  vitiated  by  any  experimental 
errors.  The  conditions  in  Major  Horrocks*  experiments  differed 
somewhat  from  those  studied  by  other  observers.  In  particular 
the  promotion  of  active  bubbling  by  the  addition  of  soap  formed 
a  part  of  most,  though  not  all,  of  his  tests.  This  particular  phase 
of  the  subject  was  not  studied  in  my  earlier  work,  as  I  used  the 
ordinary  sewage  of  Boston  as  it  flows  in  the  sewers,  and  this 
sewage  is  rendered  hard  by  the  leakage  of  sea  water  and  does  not 
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easily  torn.  Again,  different  students  of  this  problem  have 
adopted  somewhat  different  methods  of  isolating  bacteria.  Here 
Major  Horrocks'proccdure  was  less  careful  than  might  have 
been  desirable.  The  method  of  exposing  plates  freely  to  the  air 
nay  easily  lead  to  contamination.  In  arranging  an  open  plate  in 
a  wire  cafe  and  letting  it  down  a  ventilating  pipe,  an  experi- 
menter who  has  been  working  with  B.  prodigiosus,  for  example, 
raw  many  chances  of  contaminating  the  plate  from  hands  or 
datfnng  Witt  tag  periods  of  exposure,  such  as  twenty-four 
boors,  the  danger  of  contamination  from  dust  or  flies  is  of  even 
more  serious  importance. 

In  the  autumn  of  1907  I  began  a  new  series  of  experiments, 
with  the  idea  of  clearing  up  the  apparent  contradiction  between 
j or  Horrocks'  results  and  my  own;  and  first  I  attempted  to 
:~t  Horrocks*  experiments  as  closely  as  possible.  A  prelimi- 
nary series  of  tests  was  made  in  a  boat  chamber  of  the  main 
•ewer  of  the  South  Metropolitan  District  of  Boston.  The  boat 
chamber  is  entered  from  the  side  by  a  flight  of  about  twenty-five 
•tow  steps  extending  downward  from  the  street ;  and  the  stream 
of  aewage  flows  by  the  bottom  at  times  of  low  flow  and  backs  up 
the  steps  in  a  stagnant  eddying  pool  when  the  sewer  is  more 
nearly  full. 

On  October  8,  1907,  Petri  plates,  flat  dishes  2.5  inches  in  di- 
ameter, containing  a  nutrient  medium,  were  exposed  for  varying 
periods  of  time  on  the  second  step  above  the  sewage  which  was 
Handing  at  a  high  level.  The  plates  were  made  with  litmus-lac- 
tose agar  and  after  exposure  were  incubated  at  37° ;  so  that  any 
organisms  which  fell  upon  them  could  develop  into  colonies.  The 
aod  forming  organisms  characteristic  of  sewage,  (£.  coM 
group),  could  thus  be  easily  detected. 

The  following  numbers  of  colonies  were  counted  on  plates 
exposed  for  various  periods;  5  minutes,  12  colonies;  10  minutes, 
to  colonies;  u  minutes,  10  colonies;  20  minutes,  30  colonies;  25 
minutes,  14  colonies ;  30  minutes,  23  colonies ;  35  minutes,  20  col- 
onies; 40  minutes,  12  colonies;  45  minutes,  30  colonies;  50  min- 
utes* JO  colonies ;  55  minutes,  33  colonies ;  60  minutes,  34  col- 
onies. Control  plates  exposed  in  the  street  above  showed  57  col- 
onies after  35  minutes  and  80  colonies  after  60  minutes.  In  no 
case  <fid  any  red  colonies  of  sewage  bacteria  appear. 

On  October  18,  this  experiment  was  repeated,  but  the  plates 
were  exposed  on  the  ninth  step  above  the  sewage  stream.  The 
flow  on  this  day  was  low  and  the  air  of  the  street  dusty.  All  counts 
were  higher.  The  total  number  of  colonies,  and  the  number  of 
red  colonics,  found  after  various  periods,  were  as  follows:  In 
the  boat  chamber:  5  minutes,  15  colonies,  6  red  colonies;  10  min- 
utes, 47  colonies,  16  red  colonies ;  15  minutes,  49  colonies,  16  red 
cotomes :  JO  minutes,  70  colonies,  30  red  colonic;  25  minutes, 
170  colonies,  34  red  colonies;  30  minutes,  141  colonies,  36  red 
colonies;  35  minutes,  133  colonies,  28  red  colonies;  40  minutes, 
250  colonies.  50  red  colonies;  45  minutes,  240  colonies.  60  ted 
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colonies;  50  minutes,  300  colonies,  75  red  colonies;  55  minutes, 
250  colonies,  71  red  colonies;  60  minutes  225  colonies,  50  red 
colonies.  In  this  series  B.  coli.  was  isolated  and  identified  from 
each  plate.  Control  plates,  exposed  in  the  street  above  for  20 
minutes  showed  250  colonies,  and  20  red  colonies  with  B.  coli 
present.  It  seemed  therefore  probable  that  the  bacteria  in  the 
boat  chamber  came  from  street  dust  blown  down  the  steps. 

On  October  25,  plates  were  exposed  at  different  points  on 
the  flight  of  steps  leading  from  the  boat  chamber  to  the  street. 
Colon  bacilli  appeared  in  each  case.  On  the  tenth  step  above  the 
sewage  the  counts  for  different  periods  of  exposure  were  as  fol- 
lows :  5  minutes,  64  colonies,  2  red  colonies ;  10  minutes,  60  col- 
onies, 10  red  colonies;  15  minutes,  66  colonies,  7  red  colonies;  20 
minutes,  120  colonies,  7  red  colonies;  25  minutes,  170  colonies, 
16  red  colonies ;  30  minutes,  74  colonies,  23  red  colonies ;  35  min- 
utes, 48  colonies,  6  red  colonies;  40  minutes,  75  colonies,  5  red 
colonies;  45  minutes,  no  colonies,  16  red  colonies;  50  minutes, 
114  colonies,  18  red  colonies;  55  minutes  161  colonies,  14  red 
colonies.  The  plates  on  the  other  steps  were  exposed  for  20  min- 
utes only,  and  showed  after  that  period  the  following  numbers: 
on  the  13th  step,  54  colonies  and  4  red  colonies;  on  the  15th  step, 
74  colonies  and  5  red  colonies;  on  the  17th  step,  68  colonies  and 
6  red  colonies;  on  the  19th  step,  70  colonies  and  12  red  colonies; 
on  the  21st  step,  94  colonies  and  10  red  colonies.  Plates  exposed 
on  the  top  step  were  uncountable.  The  total  number  of  bacteria, 
and  the  number  of  colon  bacilli  increased  in  proportion  as  one  ap- 
proached the  street  and  left  the  sewage  behind.  The  principal 
source  of  intestinal  bacteria  was  clearly  street  dust  rather  than 
sewer  air. 

These  preliminary  tests,  as  far  as  they  went,  furnished  no 
evidence  that  the  air  of  the  boat  chamber  was  polluted  by  bac- 
teria from  the  sewage  stream.  The  next  series  of  experiments 
was  carried  out  with  a  pipe  system  modeled  as  closely  as  possible 
after  one  of  the  systems  used  in  Horrock's  investigation.  Its  gen- 
eral arrangement  is  shown  in  Figure  1.  It  consisted  of  a  half-S 
trap  of  6-inch  tile  drain  pipe,  connected  with  a  bend.  Just  above 
the  trap  was  attached  a  horizontal  stack  composed  of  four  2-foot 
pieces  of  6-inch  pipe.  In  each  experiment  a  foaming  emulsion 
of  soap  and  tap  water  was  prepared  and  infected,  either  with  a 
culture  of  B.  prodigiosus,  a  culture  of  B.  coli  or  a  suspension  of 
feces.  This  liquid,  to  a  volume  of  four  liters,  was  poured  into 
the  open  end  of  the  bend  and  through  the  trap.  Plates  were  sus- 
pended at  four  levels  in  the  vertical  pipe,  2  feet,  4  feet,  6 
feet  and  8  feet  above  the  surface  of  the  liquid  in  the  trap. 
Nine  control  plates  were  exposed  in  different  parts  of  the  labora- 
tory at  points  which  were  approximately  the  same  in  each  experi- 
ment. The  period  of  exposure  was  1  1-2  hours  in  experiments 
9,  10  and  11,  and  2  hours  in  all  other  cases. 
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FIfwr*  1.-  Dincraai  of  ripe  Sptem  used  in  repeating 
Major  Horrock*'  Kxperimentft. 

The  results  of  these  experiments,  as  regards  total  colonies  on 
the  plates,  are  shown  in  Table  I.  below. 

TABLE  I 


NUMBER  OF  COLONIES  ON  PLATES  EXPOSED  IN  VENTI- 
LATING PIPE  AND  IN  ROOM  OUTSIDE 
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Plates  : — x  rr.  :a=e  -*»re  rae  sees  suspended  in  the  ▼er- 
ica: ptpe  kZKrr*  zr.e  -:>rr*-i  "jcthc.  r  was  2  feet  above.  2,  4 
feet  aicr*.  3.  ire  a.  a  feet  above  its  surface. 

No.  r*  was  :ct?:.ie  the  nler  :f  die  bend  into  which  die 
nqrad  waa  yyzrtc.  >>":«-  ::  s=c  12  were  jrac  outside' the  outlet 
of  the  trap  frrrr.  wh-.ch  ^  i.-xtd.  Xc*.  5 — 10  were  in  other 
parts  of  the  lai^ranry. 

Tr*  pipe  systerr.  wa*  taker  :c  pieces  and  disinfected  by 
washing  the  TT.vAt  :f  each  -:«tce  wrth  ccrrcsive  sublimate  solution 
after  each  ex^er™er.t- 

These  total  cc^ts  shew  that  in  general  the  bacteria 
in  the  pipe  fluctuated  with  the  genera!  bacterial  content  of 
the  ".aboratory,  being  scrawhat  lower  on  the  whole,  as  would 
naturally  be  expected.  The  important  thing,  however,  is 
the  distribution  of  the  specific  organisms  with  which  the 
liquid  in  the  pipe  had  been  infected.  When  suspensions 
of  feces  or  of  B.  coh  were  used,  the  plates  after  exposure 
were  incubated  at  37  degrees  and  acid  colonies  present  were 
examined  to  see  whether  they  corresponded  with  the  intestinal 
form*.  When  a  suspension  of  B.  fedigiosus  was  used,  plates 
were  incubated  at  20  degrees  and  examined  for  characteristic 
red  colonies.  This  difference  of  incubation  temperature 
accounts  for  the  much  larger  number  of  total  colonies  shown 
for  B.  prodigiosus  tests  in  Table  1,  since  these  were  20  degree 
counts. 

The  result  of  the  tests  as  regards  the  distribution  of 
specific  organisms  is  indicated  below: 

TABLE  II 

DISTRIBUTION  OF  COLONIES  OF  B.  COLI  ON  PLATES  EX- 
POSED  IN  VENTILATING  PIPE  AND  IN  ROOM 
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In  no  case  were  colonies  of  colon  bacilli  apparent  on 
plates  exposed  to  the  general  air  of  the  laboratory.  In  the 
firat  five  experiments  none  of  the  specific  bacteria  appeared 
in  the  pipe;  but  in  each  of  the  last  two  experiments  B.  coli 
appeared  on  three  of  the  four  plates  exposed  in  the  pipe,  in 
greatest  numbers,  (3  and  5  colonies,  respectively),  on  the 
plates  nearest  the  infected  liquid. 


trrntT  or  sakitaiy  comima  1907- 1908-1909 


TABLE  III 

DISTRIBUTION  OF  COLONIES  OF  J*  P&ODIGIOSUS  ON 
PLATES  EXPOSED  IN  VENTILATING  PIPE  AND  IN  ROOM 
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The  results  of  the  tests  carried  out  with  B.  prcdigiosns 
wen  essentially  the  same,  as  indicated  in  Table  III.  In  three 
tesu  no  characteristic  colonies  appeared  on  any  plates;  in 
the  other  three  tests  positive  results  were  obtained  in  the 
pipe.  The  plates  placed  two  feet  above  the  infected  liquid 
showed  6»  3  and  1  colony  respectively.  One  plate  four  feet 
above  showed  three  colonies,  A  single  colonv  appeared  on 
two  occasions,  six  feet  and  eight  feet  above  the  liquid. 

IV.  OBSERVATIONS  ON  THE  VELOCITY  OF  AIR 
CURRENTS  NECESSARY  TO  TRANSPORT 
BACTERIA 

Granting  that  bacteria  may  be  discharged  from  the 
surface  of  a  foaming  liquid  into  the  air  above,  it  seemed  a 
priori  probable  that  even  slight  currents  of  air  could  transport 
them  to  almost  any  distance.  I  wished  however  to  test 
this  presumption  by  actual  observation;  and  a  few  expert* 
were  conducted  with  this  end  in  view. 
The  velocity  of  an  air  current  which  will  just  cwry 
minute  solid  body  must  exceed  the  power  of  gravity  upon 
the  body.  It  is  clear  that  bacteria  can  be  carried  upward 
through  a  pipe  by  a  current,  of  a  velocity  just  exceeding 
the  rate  at  which  the  bacteria  would  fall  in  quiet  air.  The 
tatter  phenomenon,  the  falling  of  small  particles  through 
the  air,  takes  place  according  to  Stokes*  law,  which  is 
expressed  as  follows :  • 

-I  £  <-» 

Where  v  is  the  velocity  of  a  particle  (a  sphere)  of  radius 
r  and  density  o  fatting  through  a  fluid  of  viscosity  m  and  den* 
stfy  p;  g  is  the  gravitation  constant.  Calling  £=980;  f  (for 
at  about  ao*  C)=  .00018  and  calling  the  density  of  the  fall- 
particlei— 1  which  is  approximately  correct  for  the  bacteria, 
equation  becomes, 

1^=1300000  ? 

Since  at!  the  quantities  are  expressed  in  C  G.  S.  unites  v  is  in 
centimeters  per  second.  Hence  a  sphere  of  density  t  and  radius 

lil^Mtl  ft*  IS*  fc»tMia+«  at  ftof  Otttotrt  M,  Vtmktmt  th#  M*a«chu«tt»  I  mi 
far  lb*  *P9t)r*n*n  nf  thu  fmmU. 
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.001  cm.  will  drop  through  the  air  at  the  rate  of  about  ia  cm. 
per  sec.  A  sphere  of  radius  .0001  cm.  will  fall  .012  cm,  per 
sec,  etc. 

A  small  bacterium  like  B.  prodigiosus,  has  a  radius  some- 
what less  than  .0001  cm.  and  should  therefore  fall  through 
quiet  air  at  a  rate  a  little  under  .012  cm.  per  second,  which 
is  equivalent  to  about  17  inches  per  hour.  An  air  current 
of  even  such  slight  velocity  as  this  might  therefore  be 
expected  to  carry  bacteria. 

In  order  to  test  this  point  I  had  an  opening  bored  into 
the  side  of  a  large  bottle  so  that  a  rich  emulsion  of  a  culture 
of  B.  prodigiosus  could  be  sprayed  into  the  bottle  at  about 
its  center.  The  neck  of  the  bottle  was  closed  by  a  cork 
stopper  perforated  to  receive  a  glass  tube  of  1.7  cm.  inside 
diameter.  This  tube  in  the  first  experiment  was  75  cm.  long, 
In  the  second  and  third  experiments  a  smaller  flask  was 
used  instead  of  the  bottle  and  the  tube  passing  through 
the  stopper  was  only  10  cm.  long.  In  all  other  respects 
the  arrangements  were  the  same. 

The  precedure  in  making  an  experiment  was  as  follows; 
the  top  of  the  glass  tube,  (which  has  previously  been  steril- 
ized), was  connected  by  sterile  tubing  with  the  inlet  of  a 
Culture  Bottle,  (described  later  in  Section  V).  An  emulsion 
of  B.  prodigiosus  was  sprayed  into  the  flask  and  a  measured 
amount  of  the  air  in  the  flask  was  drawn  very  slowly  through 
the  1.7  cm.  glass  tube,  and  the  much  smaller  rubber  tubing, 
into  the  Culture  Bottle.  The  air  was  aspirated  by  means 
of  a  suction  bottle  from  which  the  outflow  was  regulated 
by  a  pinchcock  or  by  a  capillary  tube.  In  each  experiment 
several  samples  of  air  were  collected  in  this  way  at  progres- 
sively increasing  rates.  The  presence  of  B.  prodigiosus 
colonies  in  the  Culture  Bottle  showed  that  germs  had  been 
drawn  up  through  the  1.7  cm.  tube,  at  an  average  linear 
rate  determined  by  dividing  the  rate  of  overflow  from  the 
suction  bottle  by  the  area  of  the  tube,  (2.3  square  centi- 
meters). 

In  the  first  experiment  conducted,  four  one-liter  samples 
were  drawn  through  the  long  tube  in  3,  6,  18  and  43  minutes, 
respectively.  B.  prodigiosus  colonies  appeared  in  great 
numbers  in  the  culture  bottles;  9000  per  liter  appeared  in 
the  three  minute  sample  3100  in  the  six-minute  sample; 
4250  per  liter  in  the  18  minute  sample ;  and  3300  per  liter  in 
the  43  minute  sample.  The  linear  flow  through  the  1.7  cm. 
tube  in  the  four  cases  was  approximately  5.5  cm.  per  sec, 
2.7  cm.  per  sec,  .9  cm.  per  sec.  and  .39  cm.  per  sec. ;  or  7920 
inches  per  hour;  3900  inches  per  hour;  1300  inches  per  hour 
and  560  inches  per  hour.  These  rather  high  rates  of  flow 
evidently  carried  the  bacteria  in  great  numbers. 

A  second  series  of  experiments  was  carried  out  as  noted 
above  with  a  smaller  apparatus,  arranged  for  the  examination 
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smaller  volumes  of  air,  drawn  up  at  lower  speeds.  100  cc 
pies  were  examined  in  this  series  and  four  rates  were 
tested  as  follows;  .07  cm.  per  sec,  ,08  cm.  per  sec;  .28  cm. 
per  sec;  and  .56  cm*  per  sec;  corresponding  to  rates  of  too 
"  es  per  hour.  115  inches  per  hour,  403  inches  per  hour  and 
inches  per  hour.  A  single  colony  of  B.  prodigiosus 
appeared  in  the  Culture  Bottle  of  the  last  series  and  none 
in  the  others.  It  appeared  as  if  the  limiting  velocity  which 
would  just  carry  bacteria  had  been  reached* 

The  third  series  of  experiments,  however,  showed  that 
was  not  the  case,  and  the  failure  to  find  bacteria  in  this 
knee  must  be  attributed  to  imperfect  distribution  of  the 
emulsion  sprayed  into  the  flask. 

The  third  series  of  tests  was  made  in  exactly  the  same 
way  as  the  second,  except  that  a  wider  range  of  air  velocities 
included.    Ten  samples  were  examined,  the  velocities 
indicated  in  Table  IV.  below. 


TABLE  IV 

VELOCITY  OF  AIR  CURRENTS  CAPABLE  OF  CARRYING 

BACTERIA 
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In  every  case  targe  numbers  of  B.  prodigiosus  colonies 
appeared  in  the  Culture  Bottles,    1600  per  100  cc,  were 
jted  in  Experiment  1  and  800  in  Experiment  2;  at  the 
rates  the  number  of  colonies  was  so  Urge  as  to  be 
n  table. 

My  experiments  did  not  extend  to  the  minimum  air 
ities  which  should  theoretically  be  adequate  to  trans- 
bacteria,  (17  inches  per  hour).    They  did  show  that 
nts  a  little  over  four  times  as  strong,  (7*  inches  per 
),  would  carry  enormous  numbers  of  bacteria  in  the 
in  which  they  are  discharged  in  the  fine  spray  from 
atomizer.    Thcrr  WSJ  a  ftligftl  inaccuracy  in  my  obscr- 
tions  due  to  variations  of   head  in  the  suction  bottle, 
latton  and  control  experiments  showed  that  this  error 
ted  to  40  per  cent  at  some  of  the  higher  rates,  the 
velocity  at  the  beginning  of  the  experiment  being 
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by  that  amount  in  excess  of  the  mean  velocity  for  the  test. 
At  the  least  velocity,  however,  this  error  did  not  exceed  10 
per  cent. ;  and  it  is  safe  to  conclude  that  air  velocities  of 
less  than  .07  cm.  per  second  or  less  than  100  inches  per 
hour,  will  carry  bacteria  in  the  form  in  which  they  are 
sprayed  from  an  atomizer. 

Applying  the  formula  for  velocity  of  falling  particles,  pre- 
viously quoted,  it  appears  that  the  droplets  containing  the 
bacteria  in  these  experiments  must  have  been  less  than  .0005 
cm.  in  diameter.  If  the  bacteria  are  discharged  from  the 
surface  of  foaming  liquids  in  droplets  as  small  as  this,  it 
is  clear  that  they  may  be  transported  by  air  currents  of 
velocity  as  low  as  100  inches  per  hour. 

V.   PRELIMINARY  TESTS  OF  QUANTITATIVE 
METHODS  FOR  ENUMERATING  BACTERIA 
IN  AIR 

The.  general  result  of  the  experiments  reported  in 
Sections  III  and  IV  was  to  confirm  the  main  contention  of 
Major  Horrocks, — that  specific  bacteria  may  be  ejected  from 
a  foaming  soapy  sewage  into  the  air  above,  and  once  in 
the  air  may  be  carried  to  considerable  distances.  The  pro- 
portion of  positive  results  obtained  in  Section  III  was  small, 
however.  With  an  exposure  of  two  hours  over  a  soapy 
liquid  richly  inoculated  from  artificial  cultures,  a  total  of 
31  specific  bacteria  were  isolated  from  52  plates.  The 
question  at  once  suggested  itself  whether  the  whole  question 
at  issue  might  not  be  a  quantitative  one.  Horrocks,  by 
exposing  plates  over  infected  sewage,  found  that  some  of 
the  bacteria  present  could  be  isolated  from  the  air.  Other 
observers  who  had  examined  sewer  and  drain  air  under 
natural  conditions  by  quantitative  methods  had  failed  to 
find  sewage  bacteria  in  appreciable  numbers.  It  might  be 
possible  that  a  few  bacteria  do  get  into  the  air  above  foaming 
sewage;  but  that  their  number  is  so  small  as  not  to  effect 
the  bacterial  content  of  the  air  as  a  whole,  as  determined  by 
ordinary  quantitative  methods.  This  appeared  to  be  the 
next  point  for  investigation. 

Before  attempting  such  careful  quantitative  studies  as 
seemed  necessary  for  clearing  up  the  contradictions  which  sur- 
round this  subject,  it  was  obviously  important  to  make  a  careful 
test  of  the  accuracy  of  the  bacteriological  methods  involved. 

The  development  of  bacteriological  methods  for  the  exami- 
nation of  air  has  not  attracted  wide  attention  in  recent  years; 
and  this  branch  of  bacteriology  is  far  behind  the  related  subject 
of  water  bacteriology  in  its  technique  and  interpretation. 

The  bacteriological  examination  of  air  goes  back  in  its  origin 
to  the  earliest  days  of  the  science.  In  i860  Pasteur  filtered  air 
through  asbestos,  washed  out  the  material  collected  on  the  filter- 
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ing  material  and  examined  it  under  the  microscope.  This  was  a 
trade  and  very  imperfect  method  as  far  as  the  bacteria  were  con- 
cerned At  about  the  same  time,  however,  he  developed  another 
process,  cumbrous,  but  of  considerable  accuracy.  He  heated 
flasks  of  nutrient  media  so  as  to  sterilize  them  and  drive  out  the 
air  and  while  still  hot,  seated  the  necks  of  the  flasks.  When  air 
was  to  be  examined  the  narrow  neck  of  a  flask  was  broken*  A 
more  or  less  definite  volume  of  air  rushed  in  and  any  germs  pres- 
ent fell  into  the  liquid  and  there  multiplied.  The  number  of 
tasks,  out  of  a  series,  which  showed  bacterial  growth,  gave  a 
measure  of  the  number  of  organisms  in  the  air.  This  was  one 
of  the  methods  employed  by  the  French  bacteriologist,  Miquel, 
in  his  numerous  and  important  investigations.  He  drew  air 
through  flasks  of  nutrient  liquid,  (1876),  placing  a  filter  of  glass 
wool  at  the  outlet  of  the  flask  to  catch  any  germs  which  passed 
the  liquid. 

In  1881  Robert  Koch  introduced  the  plate  method  of  bac- 
terial cultivation  which  depends  on  the  fact  that  bacteria  in  a 
nutrient  jelly  grow  and  multiply  so  as  to  form  visible  colonies, 
by  counting  which,  the  number  of  individual  bacteria  originally 
prr*<nt.  is  determine!  KkIi  himself  applied  his  method  tu  the 
examination  of  air  by  placing  a  culture  ptate  of  nutrient  gelatin 
at  the  bottom  of  a  glass  cylinder  in  which  a  known  volume  of  air 
was  allowed  to  settle  quietly.  The  number  of  colonies  corre- 
sponded in  a  general  way  to  the  bacterial  content  of  the  air  in 
the  cylinder,  but  the  method  was  obviously  very  inaccurate  from 
the  quantitative  standpoint* 

In  1883  Hesse  attempted  to  improve  the  solid  culture  method 
by  spreading  his  nutrient  medium  over  the  inside  of  a  long  hori- 
aontal  glass  tube  and  drawing  a  measured  amount  of  air  slowly 
through  it  Most  of  the  bacteria  present  settled  out  on  the  walls 
and  formed  colonies  which  could  be  easily  enumerated.  The  tube 
was  a  cumbrous  apparatus,  however,  and  it  was  doubtful  whether 
the  bacteria  did  all  settle  out  unless  the  velocity  was  extremely 

In  1888,  Petri  introduced  the  method  which  h  as  since  been 
most  widely  used.  He  drew  a  measured  amount  of  air  through 
a  layer  of  fine  sand,  which  be  found  would  retain  most  of  the 
bacteria  present  by  adhesion  to  its  surfaces.  He  then  washed 
the  bacteria  off  by  shaking  the  sand  in  sterile  water,  distributed 
known  portions  of  the  water  in  Koch  plates  and  counted  the  col- 
onies* (R.  J.  Petri,  Etne  neue  Methode  Bacterien  und  Pilzsporcn 
in  der  Luft  nachsuweisen  und  tu  zahlcn,  Zestschrift  fur  Hygiene, 
tSSL  HI  l).  At  about  the  same  time  that  Petri  was  woricing, 
Frank  land  in  England  independently  developed  a  similar  method 
in  which  sugar  was  used  as  a  filtering  material  instead  of  sand* 
In  the  sane  year.  1888,  Sedgwick  and  Tucker  devised  a  simple 
an4  fagniotts  apparatus  for  carrying  out  air  examination  by  this 
general  method,  which  has  since  come  into  common  use  in  this 
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7"  :r  tr-t    ~  rvt^r-r^  t  --ixr*  tlrrcsc  zc^hing  has  been  added 
t:  zrzr  or¥^t  : :  — rft^ic*  fir  epical  examination  of 

i  -  Vi":ri:trj  hi- 1  Tt-:.«t-i  ?  — txr>z5:T*Iy  on  two  procedures, 
tbt  srrrOt  t.v:»:frrrt  ::  r^tt*        -±*  sand  niter  method.  The 

f:rrr»tr  rr^rr;   r*  —  irir?:c  "«"L5  tb*  :ce  used  by  Horrocks. 

I:  :-rtr?  in  t_vr"t^t- ~  tfsc  ::r  scecifsc  kinds  of  bacteria; 

bn  ls  r«~r*i  -  is  rcitr  tr  *rave  dangers  of  contam- 

—i~.  r-  T-r±ftT^:n.  rz  "n*5  cmnriiirfve  basis,  since  the 
r=.r<r  ::  r^r^riL  ::^zr-i  -_s  r?::  rtlizsri  :■:  any  particular  volume 
:■:  i^r  TSf  :dS*r  Tr*i±»:c  n  r:rrj=>:t:  use  is  a  modification  of 
tb;  sari  fltfr  rr.^rnrc  :f  Jem.  I:  un-rlves  the  filtration  through 
if^Kt:<  sire  nci"  e::.-  ::  2  rrjfis-zr^-i  volume  of  air ;  the  wash- 
nc  c:  ±-e  £ltf~<  TTj.ztT^l  -b~  Virile  water  :  and  the  plating 
;:  ajcu^  th*  TTLsh  msr  rc  nutrient  media.  Petri 

r^ccrrr.^rde-d  sa=>£  brrr-d  ^25  ar>i  .5  nrm.  arranged  in  two  lay- 
;rs  each  5  c=l  5«x  is  a  tzbe  :  f-i-S  d  in  diameter.  He  stated 
±a:  the  rate  j:  iln-i^:-  should  exceec  10  litres  in  1-2  min- 
utis.  In  rs-c-r:  years  hav*  had  nc  careful  studies  of  the  ex- 
:er.:  :c  wh>ch  bacteria  rr*ay  be  drawn  through  sand  and  lost 
under  jpvirr.  ccr.  dittccs :  and  there  has  arisen  some  scepticism  as 
:o  the  reliance  be  p-laced  utvn  the  whole  proceduie.  In  the 
rr.cst  :~p:rr:  ir.ve^tic^nm  c:  air  recently  carried  out  in  this 
country,  the  stuiy  c:  rhe  air  c:  the  New  York  subway,  Soper 
usee  both  the  plate  rrethvxi  and  the  sand  niter  method.  The  sand 
grains  used  *ere  "aN  ut^hi!:  a  millimeter  in  diameter"  and  the 
sar.d  tr  5  cm.  d«r.  .  ? chr.;l;-ey  Quarterly.  XX,  58).  In  dis- 
^^-"•^  :h*se  u-.etheds.  :r.  ar.cther  rar-er  this  author  said  "as  is 
wed  kv.*-wr..  there  :>  r.c  revise  way  tc  determine  the  numbers  of 
bacteria  :r.  air."  .Vumal  c:  Infectious  diseases  Supplement  No. 

Obviously  :he  sand  niter  allow?  any  important  proportion 
c:  bacteria  :c  ;v»>>.  the  ti suits  c:  the  observers  who  reported  low 
bacterial  ntnvbers  in  drains  and  sewers  must  be  discounted.  In 
my  own  earlier  work,  reported  to  the  National  Association  of 
Master  Plumbers  in  1007.  I  relied  uron  the  sand  filter  method; 
and  in  view  of  the  results  of  Mator  Horrocks.  it  seemed  desir- 
able to  revise  the  detail  of  the  technique  with  considerable  care, 
in  the  course  ot  the  experiments  I  developed  a  modified  method 
ot  air  examination  which  seems  to  combine  the  quantitative  re- 
S£  1  tunJ  fi^ralion  with  directness  and  simplicitv  of  the 
fn^ir  \HfSe  did  this  after  a  fashicn  bv  slowly  aspirat- 
^n^^^^1^'  lhe  >Valls  °f  which  W€r"e  c°vered 
i  ffiS  ^erC         h^cver.  a  possibility  in  such 
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to  the  oSaV/r^  *  was  a  return 

prevent  contamination  and  se££e  ^SS/Wa,l^,0n,  aS  WOuW 
I  used  two  »«H«*ih3S^  . 

ucs»  arranged  as  shown  m  Fig- 
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ti*  Oo  the  bottom  of  each  was  a  layer  of  nutrient  gelatin 
the  tubing  was  adjusted  so  that  a  measured  volume  of  air 
be  drawn  through  the  two  bottles  in  succession,  by  the  ac- 
tion of  a  water-suction  bottle,  shown  inverted  on  the  right  of  the 
figure.  In  practise  any  desired  amount  of  water,  generally  one 
filer,  it  placed  in  the  suction  bottle  and  by  slowly  inverting  it,  a 


corresponding  volume  of  air  is  drawn  from  the  bottom  of  the  sec- 
ond culture  bottle.  The  same  volume  of  air  passes  from  the  bot- 
tom of  the  first  bottle  into  the  top  of  the  second,  and  from  the 
outer  air  into  the  top  of  the  first  bottle.  A  known  amount  of  air 
;t  Urns  drawn  into  the  first  bottle  and  the  bacteria  present  settle 
oat  and  form  colonics  on  the  gelatin.  The  volume  of  air  exam- 
ined being  )c*i  than  the  capacity  of  either  bottle,  most  of  the  bac- 


46 


NATIONAL  ASSOCIATION  OF  MASTER  PLUMBERS 


teria  collected  remain  in  the  first.  A  few,  which  are  carried 
down  by  direct  short  currents,  are  caught  in  the  second  bottle. 
The  results  of  a  few  examinations  made  by  this  method  are 
shown  in  Table  V  below. 


TABLE  V 

AIR  EXAMINATION  BY  CULTURE  BOTTLE  METHOD 


Air 

Sample,  c.c. 

Colonies 
first  bottle 

Colonies 
second  bottle 

Bacteria 
per  liter 

Normal  Street  Air 

1500 

4 

0 

3 

Air  above  foaming 
soapy  emulsion  of 

B,  pfdigiaut 

1000 
1000 
1000 
1000 
1000 

1 
1 
1 
3 
1 

0 
1 
0 
0 
0 

1 
2 
1 
3 
1 

Air  sprayed  with 
suspension  of 

B.  coli 

100 
100 
100 

73 
964 
394 

1 
91 
69 

740 
10750 
4630 

Air  sprayed  with 
suspension  of 

B.  prodigiotut 

100 
100 
100 

492 
320 
1188 

3 

34 
120 

4950 
3540 
13080 

The  number  of  bacteria  reaching  the  second  bottle  is  evi- 
dently small,  in  most  cases  less  than  io  per  cent.,  and  the  num- 
ber lost  by  being  drawn  through  the  second  bottle  must  be  negli- 
gible. With  the  exception  of  the  possibility  that  bacteria  may 
settle  on  the  sides  of  the  bottles,  the  method  should  give  a 
complete  account  of  all  bacteria  present  which  will  grow  under 
ordinary  conditions  of  cultivation. 

The  Culture  Bottle  method  was  devised  primarily  as  a  check 
on  the  Sand  Filter  method ;  and  two  types  of  sand  filters  were 
used  for  comparison.  The  first  was  the  classic  Sedgwick-Tucker 
apparatus  which  consisted  of  a  glass  tube  15  cm.  long  and  4  cm. 
in  diameter,  opening  at  one  end  into  a  smaller  tube  io  cm.  long 
and  .5  cm.  in  diameter.  A  layer  of  5  cm.  of  sand  was  supported 
in  the  small  tube  by  wire  gauze.  A  measured  amount  of  air  was 
drawn  through,  entering  the  larger  tube  and  passing  out  through 
the  sand.  The  sand,  with  the  bacteria  filtered  out,  was  shaken 
down  into  the  large  tube,  melted  gelatin  was  added  and  by  roll- 
ing the  tube  on  ice,  the  gelatin  with  the  sand  and  bacteria  was 
cooled  on  its  inner  surface.  The  sand  used  in  this  filter  was  be- 
tween .5  mm.  and  1.0  in  diameter. 

The  other  type  of  filter  tested  was  the  one  which  I  used  a 
year  ago.  It  consisted  of  two  short  tubes  1.5  cm.  in  diameter, 
arranged  in  tandem,  each  containing  2.5  cm.  of  sand,  between 
.1  mm.  and  .3  mm.  in  diameter.  The  sand  in  each  tube  was  sup- 
ported by  bolting  cloth  on  a  perforated  rubber  stopper  and  the 
tubes  were  connected  by  rubber  tubing.  The  apparatus  is  shown 
in  Figure  III.  After  drawing  air  through  this  filter,  the  sand 
from  each  tube  was  shaken  out  into  ten  cubic  centimeters  of 
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sterile  water  and  after  thorough  agitation  aliquot  portions  of  the 
water  were  plated.  This  method  is  essentially  the  one  used  by 
Soper  and  by  most  recent  observers. 

Each  of  these  filter  methods  is  open  to  possibilities  of  error. 
Bacteria  may  be  drawn  completely  through  the  filtering  layer  in 
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FIGURE  III. 
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either  case ;  and  in  the  second  method  there  is  danger  that  bae- 
filtered  out  may  not  be  separated  from  tli  ■  sand  or  bolting 
l  My  object  was  to  find  out  how  serious  these  errors  arc 
by  direct  comparison  with  the  Culture  Bottle  method.  For  this 
purpose  a  number  of  examinations  were  made,  of  normal  air, 
and  of  air  artificially  infected  with  bacteria  by  spraying  with 
emulsified  cultures.  With  the  filtration  method  samples  of  750 
cc  to  1500  cc.  were  slowly  drawn  through  the  sand*  the  filtra- 
tion occupying  2-3  minutes.  With  the  Culture  Bottles  samples 
of  too  CC  were  generally  used  and  the  air  was  drawn  in  more 
rapidly.  The  general  results  obtained  may  be  shown  best  by 
quoting  a  few  typical  experiments  in  detail. 

Experiment  III.  Examinations  of  air  of  a  city  street  on  a 
winter's  day.  Four  successive  samples  taken  at  intervals  of  per- 
fifteen  minutes  showed  (i),  3  bacteria  per  liter,  by  Culture 
Bottle  Method;  (2),  17  bacteria  per  liter  by  filtration  method, 
(fine  sand) ;  (3),  23  bacteria  per  bter  by  filtration  method,  (fine 
sand) ;  (4),  94  bacteria  per  liter  by  filtration  method  (fine  sand). 
Apparently  the  number  of  bacteria  in  the  air  was  increasing  dur- 
thts  experiment ;  but  the  results  by  the  two  methods  are  con- 
cordant 

Experiment  IV.  A  suspension  of  a  culture  of  P.  coti  was 
sprayed  into  a  box  and  five  samples  taken  at  intervals  of  about 
minutes.  The  results  were  as  follows:  (1),  2640  per  liter 
by  filtration  method,  (fine  sand)  ;  (2),  100  by  filtration  method, 
(fine  sand)  ;  (3),  740  by  Culture  Bottle  method ;  (4),  40  by  Cul- 
ture Bottle  method;  (5),  o  by  sand  filter  method  (fine  sand). 
Evidently  the  bacteria  were  settling  out  rapidly.  With  the  ex- 
ception of  the  low  sand  filter  count  in  No.  2  the  results  of  the 
two  methods  check  fairly  well. 

Experiment  V.  0*  eoti  was  sprayed  into  a  box  four  times, 
at  intervals  of  about  ten  minutes,  a  sample  of  the  air  being  ex- 
amined after  each  spraying.  The  results  were  as  follows:  (l), 
175  bacteria  per  liter,  by  sand  filtration,  (coarse  sand)  ;  (a),  4300 
per  Hter  by  sand  filtration  (fine  sand)  ;  (3),  4000  per  liter  by  sand 
(fine  sand);  (4J,  10,750  per  liter  by  Culture  Bottle 
Very  probably  the  repeated  spraying  more  than  bal- 
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anced  the  settling  out  and  the  number  of  bacteria  in  the  air  of 
the  box  actually  increased.  The  first  result  with  the  coarse  sand 
is,  however,  clearly  too  low. 

Experiment  VI.  B.  pradigiosus  was  sprayed  into  a  box 
three  times.  The  first  two  samples  were  examined  after  the  first 
spraying,  the  third  and  fourth  samples  after  the  second  and  third 
sprayings,  respectively.  Results:  (i),  15,000  bacteria  per  liter, 
by  sand  filtration,  (fine  sand) ;  (2),  14,000  per  liter  by  Culture 
Bottle  method;  (3),  5300  per  liter  by  sand  filtration,  (coarse 
sand)  ;  (4),  14,000  per  liter  by  sand  filtration,  (fine  sand).  Again 
the  filtration  method  checked  with  the  Culture  Bottle  method 
when  fine  sand  was  used,  but  gave  low  results  with  the  coarse 
sand. 

These  experiments,  and  others  of  the  same  sort,  seemed  to 
indicate  that  sand  filtration  gives  reasonably  accurate  results  if 
the  sand  used  be  as  fine  as  .3  mm.  The  crucial  test  of  this  point, 
however,  must  be  made  by  drawing  a  given  sample  of  air  through 
sand  filters  and  a  Culture  Bottle,  so  arranged  in  tandem  that  the 
bacteria  which  pass  the  sand  shall  be  collected  in  the  bottle. 
Table  VI.  below  shows  a  series  of  such  experiments  and  makes 
it  clear  that  the  efficiency  of  the  filtration  method  depends  upon 
the  size  of  sand  grain  employed. 


TABLE  VI 

RELATIVE  NUMBER  OP  BACTERIA  PASSING  THROUGH 
SAND  FILTERS  AND  RETAINED  IN  THEM 


Air  examined 

Bacteria  per  liter 
retained  in  Alter 

Twoi-6  cm  layers 
of  .1  — JS  mm.  sand 

One  5  cm.  layer 
of  Ji  —  1.  mm.  sand 

Bacteria  per  liter 
pamnf  Alter 

Suspension 

B.  prodifioims 

100 

2 

Street  air 

94 

1 

Suspension  B.  m/r 

2640 

12 

u 

175 

304 

•< 

4000 

37 

Suspension 

B.  fndigkmi 

1700 

3500 

a 

14000 

2400 

Suspension,  B.  coli 

40 

12 

u 

90 

15 

u 

165 

105 

In  seven  tests  with  tandem  sand  filters,  each  containing  2.5 
cm.  of  sand,  with  grains  between  .1  and  .3  in  diameter,  the  bac- 
teria passing  the  sand  were, — once  30  per  cent,  of  the  number 
retained  by  the  sand;  twice  17  per  cent.,  once  2  per  cent,  and 
three  times  1  per  cent  or  less.  On  the  other  hand,  in  three  tests 
with  the  Sedgwick-Tucker  apparatus  holding  a  single  layer  of 
sand,  2  cm.  deep  with  grains  between  .5  mm.  and  1.0  mm.,  nearly 
half  the  bacteria  present  passed  the  sand  in  one  case  and  about 
two-thirds  escaped  in  the  other  two  instances. 
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It  scan*  dear  that  sand  over  .5  mm.  in  diameter  is  inade- 
quate for  filtering  out  bacteria.  On  the  other  hand  a  sand  finer 
than  .3  mm.  fa  generally  efficient  It  is  of  course  obvious  that 
tand  of  either  sue  cannot  operate  in  the  removal  of  bacteria  by 
any  process  which  can  properly  be  called  straining.  In  an  edi- 
torial discussion  of  the  removal  of  fine  particles  from  water  the 
igmcering  News,  (LIX,  344),  has  described  the  phenomenon 
"adhesion";  and  the  term  deserves  general  acceptance  in  this 
connection.  The  size  of  the  sand  must  affect  the  removal  of  fine 
tn  two  ways.  First  in  a  given  depth  the  number  of  sur- 
oontacu  which  permit  adhesion,  must  vary  inversely  with 
$int  of  the  particles.  Second,  the  velocity  of  flow,  which 
to  tear  off  adhering  particles,  must,  under  given  conditions, 
iae  with  the  size  of  the  particles.  Coarse  sand  might  there- 
fore be  used  with  success  by  filtering  through  a  deeper  layer,  and 
bjr  cutting  down  the  rate  of  flow. 

On  the  whole,  it  is  clear  that  the  Culture  Bottle  method,  al- 
though cumbrous,  is  somewhat  superior  to  the  Sand  Filter 
method,  where  the  highest  accuracy  is  desired.  To  avoid  any 
possibility  of  error,  I  have  used  it  in  all  succeeding  experiments. 
At  the  same  time  the  comparative  tests  reported  show  that  the 
errors  of  the  Filter  method  are  not  serious  if  the  sand  used  be 
fine  enough.  The  results  of  observers  who  have  used  the  sand 
may  therefore  be  accepted  as  reliable  in  their  general 


VL  ENUMERATION  OF  BACTERIA  IN  AIR  OVER 
FOAMING  LIQUIDS. 
Horrocks*  experiments,  and  my  own  repetition  of  them, 
showed  that  specific  bacteria  could  be  recovered  from  the  aif 
foaming  liquids.  On  the  other  hand,  quantitative  studies 
that  sewage  bacteria  are  rarely  present  in  the  air  of 
and  ventilating  pipes  under  normal  conditions.  It  was 
of  vital  importance  to  determine  the  meaning  of  this  apparent 
'jctioo.  It  seemed  to  me  that  it  might  be  due  to  one  of 
two  possibilities*  Either  the  artificial  infection  and  the  addition 
of  soap  to  produce  foaming,  common  to  most,  (but  not  all)  ,of 
Horrocks*  experiments,  caused  an  abnormal  number  of  bacteria 
lo  be  discharged  into  the  air ;  or  even  under  such  conditions  die 
bacteria,  though  they  may  be  detected  by  the  plate  method,  are 
present  in  such  small  numbers  as  not  appreciably  to  affect  the  air 
of  the  sewer  as  a  whole. 

In  order  to  test  this  point,  I  set  out  to  examine,  under  care- 
fully controlled  conditions,  the  air  over  liquids  of  various  sorts. 
My  original  plan  was  to  test  sewage,  with  and  without  the  addi* 
of  soap  to  produce  foaming,  suspensions  of  feces  in  water 
and  without  soap,  and  artificial  emulsions  of  specific  bac* 
,  I  began  with  the  most  severe  test,  which  was  likely  to 
show  the  largest  possible  numbers  in  the  air;  a  suspension  of  a 
artificial  culture  of  0.  fir&digwsus  in  water,  to  which  enough 
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soap  had  been  added  to  make  it  foam  vigorously.  The  results 
of  this  first  series  showed  such  slight  infection  of  the  air,  that 
it  was  unnecessary  to  proceed  to  more  rigorous  tests. 

Eight  experiments  were  made  upon  this  point,  in  February 
and  March,  1908*  In  all  cases  the  emulsion  was  made  with  tap 
water,  to  which  a  large  excess  of  soap  had  been  added,  and  the 
germ  used  was  Bacillus  prodigiosus.  The  emulsion  contained 
from  200,000  to  5,000,000  bacteria  per  c.c  in  different  experi- 
ments; and  it  was  agitated  so  as  to  form  a  layer  of  foam  from 
1-4  in.  to  1  1-2  inches  deep  on  the  surface. 

In  the  first  five  experiments  the  infected  emulsion  was 
poured  through  a  funnel  into  a  glass  chamber  about  30  cm.  in  di- 
ameter and  17  cm.  deep,  with  considerable  splashing,  as  well  as 
foaming.  Three  or  four  samples  of  air  of  one  liter  each  were  col- 
lected in  each  case  from  the  chamber  at  a  height  of  3  cm.  or  less 
•above  the  foam,  the  first  being  taken  immediately  after  the 
liquid  was  poured  in,  the  others  at  intervals  during  the  next  hour 
or  so. 

The  results  of  these  experiments,  with  those  of  the  other 
three,  which  will  be  described  later,  are  shown  below  in  Table 
VII.  In  three  of  the  five  cases  not  a  single  colony  of  B.  pro- 
digiosus  appeared  in  the  four  liters  examined  in  spite  of  the 
fact  that  hundreds  of  thousands  were  present  in  each  centimeter 
of  the  liquid  below.  In  Experiment  III.  a  single  B.  pradigiosus 
appeared  in  one  of  the  four  liters;  and  in  Experiment  IV.  one 
liter  showed  one,  and  a  second  showed  three. 

The  act  of  sampling,  in  drawing  off  four  liters  of  air  from 
the  chamber  of  course  created  air  currents  across  the  surface 
of  the  foaming  liquid  in  these  experiments.  In  order  to  observe 
the  effect  of  more  active  circulation  of  air  three  more  experi- 
ments were  made  in  which  the  foaming  emulsion  was  poured 
into  a  glass  vessel  four  inches  deep  and  left  open  in  the  labora- 
tory. The  surface  of  the  foam  was  a  little  over  the  edge 
of  the  vessel  in  each  instance,  and  in  order  to  make  all  con- 
ditions severe  the  samples  of  air  were  taken  from  a  point  as 
close  to  the  surface  of  the  foam  as  possible.  Samples  were 
taken  at  intervals  during  a  half  hour  period.  In  Experiment 
VI.  two  of  the  four  samples  showed  no  colonies;  of  the  other 
two,  each  showed  a  single  colony  of  B.  prodigiosus. 

In  Experiment  VII.  the  samples  showed  counts  of  2,  3, 
o  and  1  colonies  per  liter;  but  all  were  air  bacteria  and  none 
B.  prodigiosus.  In  Experiment  VIII.  three  samples  examined 
showed  counts  of  2,  1  and  2  colonies  per  liter;  but  again  none 
were  B.  prodigiosus. 

It  is  clear  from  these  experiments  that  the  number  of 
bacteria  discharged  into  the  air  over  an  infected  liquid  is 
extremely  small,  even  under  the  most  favorable  conditions. 
With  an  actively  foaming  liquid  containing  hundreds  of  mil- 
lions of  bacteria  per  liter,  30  liters  of  air  examined  showed 
altogether  only  7  of  the  bacteria  in  the  emulsion  below. 
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Numbers  of  this  magnitude  can  be  detected  by  Horrock's 
pUte  method;  but  they  would  scarcely  affect  the  general  com- 
position of  drain  and  sewer  air  in  a  degree  sufficient  to  be 
revealed  by  quantitative  methods. 

TABLE  VII, 

BACTERIA  IN  AIR  OVER  FOAMING  LIQUIDS 
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V1L  ENUMERATION  OF  BACTERIA  IN  PLUMBING 
PIPES  OVER  FOAMING  AND  SPLASHING  LIQUIDS. 
Major  HoTTOcks1  experiments,  and  the  confirmatory  tests 
reported  in  Section  III.,  show  that  some  bacteria  are  discharged 
from  the  surface  of  a  foaming  liquid  and  may  be  recovered  from 
the  air  above.  Once  in  the  air,  they  may  be  transported  by 
currents  Ol  quite  low  velocity,  as  shown  m  Srction  IV.  On 
the  other  hand,  the  experiments  discussed  in  Section  VI. 
that  the  numbers  of  bacteria  discharged  in  this  way 
The  air  immediately  over  a  quiet  body  of  infected 
covered  with  a  deep  layer  of  bursting  bubbles  showed 
only  rare  and  slight  contamination. 

Under  ordinary  conditions  the  effect  of  foaming  is  rein- 
forced by  grots  mechanical  splashing,  which  might  conceivably 
increase  the  tendency  to  discharge  bacteria  into  the  air  in 
minute  droplets.  In  order  to  test  this  point  I  made  a  series 
of  experiments  with  the  apparatus  shown  in  Figures  IV  and  V, 
It  consisted  of  an  ordinary  porcelain  water  closet  bowl  set 
directly  on  an  S-trap  with  a  cleanout  hole  at  its  apex.  The 
S-trap  was  connected  at  its  lower  end  by  a  bend  with  an  ordinary 
miming  trap. 

A  rich  soapy  emulsion  of  about  7  liters  was  made  up,  as 
in  other  tests,  and  infected  with  a  culture  of  B.  prodigtosus. 
was  poured  as  rapidly  as  possible  into  the  bowl  of  the 
so  tint  it  rushed  down  through  the  pipe,  foaming  and 
finding  its  exit  finally  from  the  lower  end  of  the 
trap*  A  large  cork  stopper  was  placed  in  the  clean- 
(e,  while  the  liquid  was  passing,  but  was  removed  immcdi* 
afterward  Liquid  remained  in  the  S-trap  and  closet  bowl 
in  the  running  trap;  and  on  the  surface  of  this  liquid  was 
or  four  inches  of  foam*  A  current  of  air  passing  in  at 
the  running  trap  and  out  at  the  clean-out  was  manifested  by 
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a  slight  cloud  of  vapor  at  the  dean-out,  (the  water  used  in  % 
making  up  the  emulsion  being  warm).  Everything  was  there- 
fore as  favorable  as  possible  for  die  appearance  of  bacteria 
from  the  infected  liquid  at  the  dean-out  and  in  the  upper  open- 
ing of  the  running  trap. 

At  both  points  samples  of  air  were  collected  and  examined 
by  the  Culture  Bottle  Method.  Sampling  point  A,  at  the  dean- 
out  (See  Figure  IV),  was  about  9  in.  from  the  liquid  in  the 
S-trap,  and  in  the  full  course  of  a  current  of  air  from  the  pipe 
through  which  the  foaming  liquid  had  just  passed.  Sampling 
point  B  was  6  in.  above  the  liquid  in  the  running  trap  and 
often  only  3  in.  from  the  surface  of  the  foam.  Furthermore 
no  attempt  was  made  to  sterilize  the  apparatus  during  the 


FIGURE  IV. 
Diagram  of  Experimental  Plumbing  System. 


course  of  the  experiments.  Bacteria  dried  on  the  surface 
between  two  tests,  (which  were  made  three  days  apart),  might 
therefore  have  been  detached  to  increase  the  contamination  of 
the  adjacent  air. 

The  general  results  as  concerns  total  numbers  of  bacteria 
are  shown  below  in  Table  VIII.  Four  to  seven  liters  of  air 
were  examined  in  each  Series,  samples  being  taken  alternately 
from  the  openings  A  and  B.  Sometimes  the  whole  test  was 
completed  in  fifteen  minutes ;  sometimes  the  samples  were 
taken  at  intervals  of  half  an  hour  for  a  three-hour  period.  No 
important  difference  appeared  in  the  results. 

Table  VIII.  shows  merely  the  total  number  of  organisms 
in  the  air  examined.  The  important  thing  of  course  was  to 
determine  the  presence  of  the  specific  bacteria  with  Which  the 
liquid  flowing  through  the  system  had  been  infected.  AH 
colonies  which  appeared  in  the  bottles  were  therefore  examined; 


1 


imtT  or  SAHHAiv  couwum  1907-1906-1909 


TAKLB  VIU, 

TOTAL  BACTERIA  IN  AIR   OVER  SPLASHING  LIQUID 
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cad  with  the  exception  of  a  single  bottle  all  the  colonies  turned 
oof  to  be  those  of  the  molds  and  common  cocci  of  the  air.  In 
the  second  sample  taken  at  the  upper  clean-ont  of  the  S-trap 
so  Experiment  II.  the  cultures  proved  to  be  B.  prodigioiut. 


TABLE  IX 
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Table  IX.  shows  the  general  quantitative  results  of  the 
experiments,  which  may  be  summarized  as  follows:  A  richly 
infected  liquid  was  prepared  containing  several  billion  bacteria 
per  liter.  This  was  beaten  up  with  soap  into  a  heavy  foaming 
emulsion  and  was  then  poured  rapidly  through  a  water  closet 
sod  two  successive  traps,  splashing  and  foaming  as  it  went 
Forty- four  liter  samples  of  the  air  of  the  traps,  were  examined, 
from  points  6  to  9  in*  above  the  liquid.  Forty-three  of  these 
lampW  showed  none  of  the  organisms  in  the  liquid,  and  one 
showed  a  group  of  11  colonies,  probably  derived  from  a  single 
infected  droplet  It  appears  then  that  under  the  most  severe  con- 
ditions that  can  well  be  devised  the  bacteria  in  infected  liquids 
reach  the  air  adjacent  only  rarely  and  in  small  numbers, 

VIIL  SEWAGE  BACTERIA  IN  THE  AIR  OF  PLUMBING 
PIPES  UNDER  NATURAL  CONDITIONS. 
The  laboratory  experiments  detailed  above  appeared  to 
ffaow  that  although  bacteria  can  be  thrown  into  the  air  by  splash- 
ing and  bttbbHng  liquids  the  amount  of  infection  produced  m 
mm  way  is  slight,  even  under  extreme  conditions.   The  impor- 
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tant  thing,  however,  is  to  determine  what  occurs  in  house  drains 
and  branch  connections  actually  in  use.  Experiments  with 
artificial  inoculations  of  rich  bacterial  cultures  must  always  give 
a  somewhat  distorted  view  of  the  possibilities,  and  no  work 
which  is  not  quantitative  can  give  any  idea  of  the  practical 
importance  of  the  problem. 

With  the  cooperation  of  Mr.  David  Craig  of  the  Sanitary 
Committee  of  the  Master  Plumber's  Association,  I  therefore 
undertook  an  examination  of  the  drain  air  of  plumbing  systems 
of  different  sorts  in  various  Boston  buildings,  with  a  view  to 
seeing  how  abundant  sewage  bacteria  were  as  a  matter  of  actual 
fact.  Nineteen  plumbing  systems  were  selected  in  nineteen 
different  buildings  of  various  sorts,  hospitals,  educational  insti- 
tutions, tenements,  public  buildings,  a  hotel,  an  office  building, 
etc.  At  twenty  points  on  these  nineteen  systems  the  pipes,  were 
tapped  for  the  examination  of  the  air  and  from  each  point  ten 
liters  of  air  were  collected  for  examination.  The  sampling 
points  were  selected  to  give  as  wide  a  range  of  conditions  as 
possible.  Some  were  on  main  stacks  of  soil  pipe,  some  on  the 
main  stack  prolonged  above  the  roof,  one  on  a  vent  pipe,  several 
on  the  main  house  drain  or  on  clean-outs  connected  closely 
with  it.  Each  series  of  ten  liter-samples  was  collected  at 
intervals  in  a  period  of  an  hour  and  a  half.  Thus  in  all  200 
liters  of  drain  air  were  examined,  representing  a  wide  variety 
of  conditions  in  nineteen  different  plumbing  systems,  and  form- 
ing a  fairly  representative  idea  of  the  composition  of  house 
drain  air.* 

The  general  method  adopted  was  that  described  as  the 
Culture  Bottle  Method  in  Section  V,  above.  One  liter  of  air 
was  drawn  into  two  liter-and-a-half  bottles  arranged  in  tandem 
and  the  bacteria  in  the  air  were  allowed  to  settle  out  and  then 
cultivated.  My  object  was  not  to  determine  the  total  number 
of  bacteria  but  to  isolate  specific  forms.  I  therefore  replaced 
gelatin  in  the  bottom  of  the  Culture  Bottles  by  a  solution  of 
dextrose  broth,  which  forms  the  most  suitable  and  delicate 
medium  for  the  detection  of  sewage  bacteria,  of  the  B.  coli 
and  the  Streptococcus  types.  The  bottles  were  incubated  at 
body  temperature,  37  degrees,  centigrade  for  three  days.  As 
soon  as  growth  appeared  in  any  bottle  sub-cultures  were  made 
on  litmus-lactose-ager  and  if  any  acid  colonies  appeared  they 
were  examined  further.  The  Streptococcus  type  was  defined  as 
including  all  acid  forming  streptococci  and  the  B.  coli  type  was 
recognized  by  gas  formation  in  dextrose  broth,  coagulation  of 
milk,  reduction  of  nitrates,  formation  of  indol  and  non-lique- 
faction of  gelatin. 

The  first  test  of  an  actual  plumbing  system,  Series  A.,  was 
made  on  May  27,  1908,  in  the  Henry  L.  Pierce  Building  of  the 
Massachusetts  Institute  of  Technology.    The  sampling  point 

*  Thanks  are  due  to  Mr.  A.  F.  Stevenson  for  aanistance  in  the  conduct  of  the*e  expert- 
ments. 
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or  the  main  stack  of  soil  pipe  in  the  basement.  Above 
there  were  fixtures  on  four  floors,  two  water  closets  and  two 
annals  on  each.  The  plumbing  was  about  ten  years  old.  The 
■umber  of  persons  using  the  building  is  about  150. 

In  ibis  first  test  the  inlet  pipe  of  the  first  Culture  Bottle 
wis  petted  through  the  3-4  in.  hole  drilled  in  the  pipe  directly 
into  its  interior.  The  hole  was  situated  in  a  branch  clean-out 
a  lew  inches  from  the  main  stack  and  it  soon  appeared  that 
the  Hqmd  in  the  pipe  was  running  over  the  walls  of  the  clean- 
out  and  dropping  into  the  end  of  the  collecting  tube.  From 
three  of  the  bottles  B.  coti  was  isolated,  but  the  possibility  that 
direct  infection  had  taken  place  by  the  trickling  of  a  thin  stream 
of  sewage  along  the  collecting  tube  led  me  to  discard  these 

In  all  further  work  precautions  were  taken  to  prevent 
accidents  of  this  sort.  Short  pieces  of  glass  tubing  were  pre- 
pared with  a  bulb  about  one  inch  in  diameter  blown  in  the  middle 
of  each.  One  end  of  the  tube  was  inserted  into  a  rubber  stopper 
which  fitted  the  bole  drilled  in  the  plumbing  pipe  and  the 
Culture  Bottle  was  thus  protected  from  direct  liquid  infection, 
unless  the  bulb  became  so  full  as  to  overflow.  When  this  oc- 
curred, as  it  did  in  a  few  cases,  it  could  easily  be  observed  and 
the  test  excluded.  The  arrangement  of  the  apparatus  and  the 
method  of  taking  samples  are  shown  in  Figure  VI. 

The  second  series  of  tests,  Series  B,  was  made  in  the 
Rogers  Building  of  the  Massachusetts  Institute  of  Technology, 
on  May  a8»  1908.  The  plumbing  here  was  old,  the  main  stacks 
having  been  installed  for  40  years.  Some  300  people  use  the 
building  during  the  day  time*  The  sampling  point  was  on  the 
waste  from  a  line  of  four  urinals  on  the  first  floor,  a  few  fret 
from  the  main  stack  and  in  direct  connection  with  it  Above, 
on  the  main  stack,  were  two  water  closets  and  three  urinals, 
and  below  in  the  basement  one  water-closet  and  three  urinals. 
Two  of  die  ten  liters  of  air  collected  at  this  point  showed  growth 
m  the  Culture  Bottles,  but  in  neither  case  were  intestinal  bacteria 
present. 

Series  C  was  carried  out  on  June  1  in  the  Henry  L.  Pierce 
Building  of  the  Institute  at  the  same  point  described  under 
Series  A,  with  the  single  difference  that  the  bulb  described 
above  was  placed  between  the  pipe  and  the  Culture  Bottle  to 
prevent  direct  contamination.  The  importance  of  this  pre- 
caution and  the  propriety  of  excluding  Series  A  from  consider- 
ation were  shown  by  the  fact  that  in  six  of  the  ten  tests  an 
appreciable  amount  of  sewage  collected  in  the  bulb  None 
reached  the  bottles  however.  Two  out  of  the  ten  showed  growth 
but  neither  contained  colon  bacilli  or  sewage  streptococci. 

The  tests  of  Series  D  were  made  on  June  1,  in  the  after* 
noon,  tn  Ward  E  of  the  Boston  City  Hospital.  The  sampling 
point  wit  on  ft  sink  drain  in  the  cellar  a  few  feet  distant  from 
its  entrance  into  the  main  drain.    On  the  stack  entering  the 


mam  4r*m  were  two  waier  oosn.  &  rwo  baths  and 

weral  kloj/  b'/w*Ti  and  unks.  Tbe  pi—  *r-y  a  abocr  six  years 
old.  Of  the  ten  Irt^rt  txinrm^d.  oolj  one  cscraroed  bacteria 
tapabk  of  zj'/mh  at  37  degrees,  auf  ±*se  «re  sot  sewage 
fonrn. 

S*Tje*.  E  wa?  carried  crjt  on  True  2  ai  the  Sasrarr  Research 
Laboratory  of  the  Massachusetts  Iradnne  c-f  Technology  en 
Albany  itreet.  7"here  there  is  a  sn-.aZ!  rw>-5tory  laboratory  build- 
ing with  a  ting!*:  water  closet  and  several  sicks,  zscd  by  foar 
per*on%.  Samples  were  collected  from  the  soil  pipe  above  the 
entrance  of  the  drains  from  the  fixtures.  Two  liters  oat  of  ten 
showH  growth  at  37  decrees,  but  no  intestinal  forms- 
Series  F  wa*  again  at  the  City  Hospital  on  the  system 
serving  ward*  YV  and  X.  Samples  were  taken  from  a  sink 
drain  about  two  feet  from  the  main  drain  in  the  basement.  On 
each  of  the  two  floors  above  were  two  water  closets,  a  sink,  a 
slop  hopper  and  a  urinal.  The  system  was  about  12  years  old 
and  the  Ward  contains  28  beds.  When  the  third  sample  was 
collated  at  10:20  and  the  ninth  at  10:55,  the  sink  above  the 
sampling  point  was  discharged.  In  each  case  liquid  collected 
in  the  bulb,  but  in  neither  did  it  pass  over  into  the  Culture 
Kottle.  In  the  case  of  the  third  sample,  however,  B.  coli  was 
isolated  from  both  the  first  and  the  second  Culture  Bottle.  Here 
was  the  first  case  in  which  sewage  bacteria  were  present  in  the 
drain  air;  and  in  this  instance  they  were  found  in  immediate 
contact  with  actively  splashing  liquid. 

The  system  chosen  for  Series  G  was  in  the  Nurses'  Home 
of  the  City  Hospital.  The  plumbing  here  is  22  years  old  and 
the  population  of  the  house  about  sixty.  The  sampling  point 
wa«*  on  the  main  stack  of  soil  pipe  on  the  second  floor  of  the 
building.  There  were  four  water  closets  and  four  bowls  above 
and  the  same  below.  Leaking  fixtures  of  some  sort  produced  a 
steady  flow  of  liquid  down  the  pipe  during  the  whole  course 
of  the  experiments,  and  flushes  occurred  at  frequent  intervals. 
Water  collected  in  the  bulb  in  every  case  but  two.  In  collect- 
ing the  fourth,  eighth  and  tenth  samples,  the  bulb  overflowed 
into  the  Culture  Bottle.  All  three  of  these  samples  showed  B. 
coli.  In  addition  the  sewage  Strcptococus  was  isolated  from 
the  first  sample.  This  is  the  second  instance  in  which  sewage 
bacteria  were  present  in  the  drain  air ;  in  this  case  as  in  the  one 
previously  cited  there  was  active  splashing  of  liquid  at  the 
point  of  collection. 

The  tests  of  Series  H  were  made  on  the  afternoon  of  June  5 
at  the  Technology  Club  on  Newbury  street.  Samples  were 
collected  from  the  main  soil  pipe.  Two  water  closets  and  two 
baths  were  alwwe  and  two  water  closets  and  two  urinals  below. 
Growth  occurred  in  three  out  of  ten  samples,  but  no  intestinal 
forms  were  found. 

The  samples  for  Series  I  were  taken  on  June  6,  from  the 
plumbing  system  in  a  private  residence  in  Newbury  street.  The 
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plumbing  is  about  twenty  scars  old  and  is  used  by  six  or  eight 
ptnOM.  The  sampling  point  was  to  the  basement  on  the  vent 
pipe  from  the  water  closet,  of  course  connected  above  with 
(fee  rest  of  the  vent  pipes  of  the  system.  In  such  a  position  the 
coo  tact  with  sewage  material  was  somewhat  remote,  but  it 
seemed  of  interest  to  include  one  such  case  at  least  in  the  investi- 
gation nice  so  modi  house  plumbing  is  similarly  circumstanced. 
Two  of  the  ten  samples  showed  growth,  but  no  intestinal  bac- 
teria were  found. 

Series  J  was  carried  out  June  8  in  the  Walker  Building 
of  the  Massachusetts  Institute  of  Technology.  The  sampling 
point  was  on  the  main  stack  of  soil  pipe  with  three  urinals  and 
various  sinks  above  and  two  water  closets  and  three  urinals 
below.  The  plumbing  is  about  25  years  old.  Chemicals  dis- 
charged into  the  stack  from  sinks  in  the  Chemical  Laboratories 
might  produce  some  disinfectant  action  in  this  system.  Water 
collected  in  the  bulb  three  times  and  once  passed  over  into  the 
bottle.  In  one  case  growth  occurred,  but  no  intestinal  forms  were 

Series  K  was  carried  out  on  June  10,  in  Ward  P  of  the 
Hospital.  This  is  old  plumbing,  in  place  for  34  years,  and 
bkc  the  other  wards  this  one  is  occupied  by  2&  persons,  besides 
nurses  and  attendants.  On  the  main  stack  are  two  water  closets, 
one  urinal,  one  slop  hopper  and  one  bath.  Samples  were  collected 
from  a  dean-out  at  the  extreme  end  of  the  house  drain  close  to 
the  eutiame  of  a  sink  drain,  but  some  distance  from  the  main 
sod  pipe.  The  sink  was  flushed  out  during  the  taking  of  the 
sample.  This  and  one  other  sample  showed  growth,  but  no 
forma. 

The  tests  of  Scries  L  were  made  at  the  Hotel  Lenox  on  June 
it.  The  plumbing  here  is  eight  years  old  and  consists  of  a 
series  of  stacks  each  passing  straight  up  through  the  ten  floors 
of  the  hotel  and  receiving  the  wastes  from  a  water  closet,  a  bath 
and  a  sink  on  each  floor.  Samples  were  collected  from  a  clean- 
ant  at  the  foot  of  the  main  stack  in  the  basement.  Three  samples 
■howH  growth*  but  none  sewage  bacteria. 

In  Series  M,  (June  ti,  afternoon)  the  air  of  another  stack 
at  the  Lenox  of  exactly  similar  construction  was  examined. 
In  this  case  the  samples  were  collected  from  the  stack  just  above 
the  root  The  top  of  the  stack  in  tests  of  this  sort  was  left 
— covered  and  there  was  a  strong  current  of  air  passing  upward 
by  the  sampling  point.  Six  of  the  ten  samples  showed  growth, 
but  no  sewage  bacteria  were  found.  It  is  interesting  to  note 
that  of  the  nine  samples  in  the  two  Lenox  series  which  showed 
growth,  seven  were  molds,  a  phenomenon  not  observed  in  other 

Series  N  was  carried  out  at  the  City  Hatt  on  June  12 
The  stack  tested  was  a  four-inch  soil  pipe  passing  through  the 
roof  near  the  northeast  corner  of  the  building;  and  the  sampling 
was  just  above  the  roof.  I  was  unable  to  find  out  just 
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which  fixtures  were  connected  with  this  stack.  Two  bottles 
showed  growth,  but  no  sewage  forms. 

The  next  series  of  tests,  Series  O,  was  made  in  the  Old 
Court  House,  behind  City  Hall,  on  June  13*  The  system  exam* 
ined  had  been  put  in  for  about  two  years.  It  included  three 
water  closets  and  two  bowls  on  one  line  and  seven  water  closets, 
seven  bowls,  and  four  urinals  on  another.  The  sampling  point 
chosen  was  a  clean-out  on  the  main  drain  below  the  first  stack 
and  above  the  second.  Three  samples  showed  growth,  but  none 
contained  B.  coli. 

The  tests  of  Series  P  were  made  at  the  Ames  Building, 
(offices)  on  June  15.  The  sampling  point  was  on  a  main  six 
inch  soil  pipe  just  above  its  passage  through  the  roof.  The 
stack  has  been  in  use  for  17  years  and  receives  the  drains  from 
ten  water  closets,  besides  sinks  and  hoppers.  Four  of  the  ten 
samples  showed  growth,  but  no  intestinal  forms. 

The  next  four  series  of  tests  were  made  in  three  tenement 
houses  on  Border  street,  East  Boston.  The  plan  of  all  three 
systems  was  the  same.  A  four-inch  house  drain,  running  the 
length  of  the  cellar,  received  at  each  end  a  rain  water  leader, 
and  in  the  middle  a  stack  of  soil  pipe.  On  the  stack  in  each 
case  were  three  water  closets  and  three  sinks,  used  by  15  to  20 
people.  The  plumbing  is  about  12  years  old. 

The  tests  of  Series  Q  and  R  were  made  on  the  main  stacks 
of  tenement  houses  A  and  B  just  above  the  roof  on  June  18  and 
19.  In  Series  Q  two  samples  showed  growth,  in  Series  R  none. 
No  sewage  forms  were  found. 

Series  S  proved  of  great  interest.  The  samples  were 
taken  on  June  19  from  the  main  house  drain  in  the  part  of  the 
pipe  intended  for  carrying  rain  water  from  the  front  leader, 
but  only  about  ten  inches  from  the  foot  of  the  soil  pipe.  The 
location  was  thus  well  within  reach  of  splashing  from  the 
liquid  striking  the  bottom  of  the  stack.  While  the  first,  sixth 
and  ninth  samples  were  being  collected  there  were  flushes  in 
the  soil  pipe.  From  the  first  and  ninth  samples  B.  coli  was 
isolated.  There  was  no  collection  of  water  in  die  bulb  in  either 
case.  Clearly  the  splashing  of  the  sewage  in  the  soil  pipe  pro- 
duced a  fine  spray  which  was  carried  by  the  air  into  the  Culture 
Bottles.  It  is  almost  of  equal  significance  however  to  note  that 
the  second  sample  and  the  tenth  showed  no  sewage  forms.  The 
first  flush  occurred  at  11:40.  At  11 45  the  sewage  bacteria 
had  disappeared  from  the  air  one  foot  away.  The  second  flush 
occurred  at  12:50;  and  the  sewage  forms  were  gone  at  1. 

The  tests  of  Series  T  were  made  in  tenement  house  C,  cm 
June  20.  A  hole  was  drilled  for  sampling  in  the  house  drain 
just  above  the  soil  pipe  as  in  Series  S.  The  drain  had  sagged 
somewhat,  however,  and  the  portion  of  the  pipe  formed,  as  it 
appeared,  a  pocket  full  of  stagnant  and  septic  sewage.  This 
should  be  an  admirable  preserve  of  disease  germs  according 
to  the  older  view  point.   I  therefore  had  another  hole  drilled 
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hade  along  the  house  dram,  twenty  feet  from  the  soil 
and  shout  five  feet  from  the  backed -up  sewage.  Two  of 
the  ten  samples  of  air  from  this  point  showed  growth  but  no 
sewage  bacteria* 

Series  U  was  carried  out  at  the  Engineering  A  Building 
of  the  Massachusetts  Institute  of  Technology,  on  June  22. 
Samples  were  taken  from  the  main  soil  pipe  above  the  roof. 
The  system  is  about  20  years  old  and  includes  six  water  closets* 
twelve  urinals  and  various  sinks.  No  growth  occurred  in  any  of 
the  Culture  Bottles. 

The  general  results  of  all  the  experiments  are  summarized 
in  Table  X  below.  Growth  in  the  Culture  Bottles  is  indicated 
by  a  minus  sign.  The  presence  of  intestinal  forms.  (B.  coli 
or  sewage  streptococci)  is  indicated  by  a  plus  sign,  and  when 
direct  infection  by  the  running  over  of  liquid  occurred  the  plus 
is  doubled. 

TABLE  X 

CTEJUA  IN  THE  AIR  OF  DRAIN  PIPES  UNDER  NATURAL 
CONDITIONS.    200  ONE  LITER  SAMPLES 
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Out  of  200  one-liter  samples  of  drain  air  152  contained  no 
la  capable  of  growing  at  37  degrees.  41  more  showed 
none  of  the  organisms  recognized  as  characteristic  of  sewage* 
In  three  cases  direct  liquid  infection  took  place,  introducing 
colon  bacilli  In  four  other  cases,  only,  out  of  the  200,  were  sew- 
age bacteria  isolated  from  the  air  of  the  house  drains  studied.  In 
every  one  of  those  four  cases  there  was  vigorous  splashing  of 
sewage  within  a  few  inches  of  the  sampling  point  and  at  the 
the  sample  was  taken.  At  points  further,  removed  from 
™»  and  at  the  points  where  splashing  had  occurred  ten 
ofces  before,  no  sewage  bacteria  were  found  In  the  whole 
of  JOO  liters  of  air  collected  from  the  most  diverse  1  oca- 
cm  nineteen  different  plumbing  systems,  not  a  single  sewage 
organism  was  found  except  where  the  air  was  exposed  to 
immediate  local  infection  by  fine  particles  of  spray. 
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IX.   SUMMARY  OF  PREVIOUS  SECTIONS  AND  CON- 
CLUSIONS AS  TO  THE  ROLE  OF  SEWER  AND 
DRAIN  AIR  IN  THE  SPREAD  OF  BACTERIAL 
INFECTIONS. 

The  idea  of  the  connection  between  sewer  gas  and  disease 
dates  back  to  the  days  when  the  cause  of  the  infectious  maladies 
was  still  unknown.  Mysterious  miasmatic  influences  were  nat- 
urally enough  supposed  to  accompany  the  foul  odors  of 
decomposing  organic  matter.  When  it  was  proved  that  the 
contagious  and  infectious  diseases  are  due  to  the  presence  of 
microscopic  plant  and  animal  parasites,  the  case  against  sewer 
gas  seemed  less  convincing. 

Nageli  and  many  other  bacteriologists  showed  that  under 
ordinary  conditions  germs  adhere  strongly  to  moist  surfaces 
and  are  not  easily  given  off  from  liquids  into  the  adjacent  air. 
Sir  Edward  Frankland  in  England  and  Raphael  Pumpelly  in 
this  country  carried  out  experiments  which  indicated  that 
chemicals  in  solution,  and  bacteria  in  suspension,  might  be 
thrown  into  the  air  from  liquids  by  the  bursting  of  bubbles. 
On  this  contingency  the  possible  danger  of  sewer  gas  infection 
still  might  rest. 

Actual  examinations  of  the  air  in  sewers,  however,  by 
Miquel  in  France,  Petri  in  Germany  and  Carnelley  and  Haldane, 
Robertson  and  Laws  and  Andrewes  in  England  showed  that 
sewer  air  as  a  matter  of  fact  contains  very  small  numbers  of 
bacteria  and  those  of  types  common  in  street  air  rather  than 
in  sewage.  Uffelmann  found  the  same  condition  in  the  air  of  a 
house  drainage  system.  Carnelley  and  Haldane  and  Laws  and 
Andrewes  isolated  sewage  bacteria  in  the  immediate  vicinity 
of  points  where  active  splashing  occurred.  As  in  the  experi- 
mental studies  of  Frankland,  Pumpelly  and  Dr.  Abbott  of 
Philadelphia  there  was  clearly  a  possibility  of  air  infection 
where  spray  was  produced  by  some  mechanical  method.  On  the 
whole,  however,  the  air  of  drains  and  sewers  seemed  to  be  of 
high  bacterial  purity  and  all  the  observers  who  studied  normal 
conditions  in  actual  sewers  concluded  that  the  danger  of  bac- 
terial infection  from  sewer  air  was  remote. 

These  results,  with  the  absence  of  any  reliable  evidence 
from  the  study  of  epidemics  in  favor  of  the  transmission  of 
germs  by  sewer  air,  has  led  sanitarians  in  Germany  and  the 
United  States  to  agree  with  practical  unanimity  that  the  danger 
of  such  transmission  may  be  disregarded.  In  England,  on  the 
other  hand,  a  large  number,  probably  a  majority,  of  sanitary 
experts  have  failed  to  be  convinced,  and  have  clung  to  the 
opinion  that  under  some  conditions  the  carriage  of  disease 
bacteria  by  sewer  air  is  a  practical  possibility. 

A  little  over  a  year  ago,  at  the  request  of  the  National 
Association  of  Master  Plumbers,  I  made  some  experiments  on 
this  problem,  upon  which  no  practical  investigations  had  been 
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conducted  for  over  ten  years.  I  used  an  experimental  stack  of 
four-inch  toil  pipe,  fifteen  feet  in  height,  with  a  running  trap 
at  the  bottom  and  an  exhaust  fan,  for  drawing  up  a  strong 
current  of  air,  at  the  top.  Sewage  was  placed  in  the  trap, 
teal  tog  it  partially  or  completely,  or  resting  in  the  bottom  with- 
out sealing  it  Air  was  drawn  over  the  sewage  and  wetted 
surfaces  of  the  pipe  or  was  bubbled  through  the  sealed  trap 
md  the  air  was  examined  at  various  points  in  the  stack  above. 
When  the  air  current  was  strong,  an  increase  was  noted  in 
die  bacterial  content  of  the  pipe  air;  but  the  increase  was  not 
rtrikmg  even  at  high  velocities  and  was  entirely  wanting  with 
air  currents  of  less  extreme  force.  Only  three  of  the  character- 
istic bacteria  of  sewage  were  isolated  from  the  air  in  the  whole 
•erics  of  experiments.  As  a  result  of  this  investigation  I  reported 
that  the  danger  of  bacterial  infection  from  drain  air  was  but 
fagot. 

At  about  the  same  time  a  series  of  experiments  on  sewer 
ut  was  reported  to  the  Royal  Society  of  London  by  Major  W. 
H-  Horrocks  of  the  English  Army  Medical  Corps.  His  results 
teemed  at  first  sight  to  warrant  widely  different  conclusions 
from  those  drawn  by  other  observers;  and  it  seemed  necessary 
to  re-examine  the  whole  question  with  the  greatest  care. 

Major  Horrock  s  general  method  consisted  in  the  artificial 
infection  of  the  lower  part  of  natural  and  experimental  drainage 
systems  with  a  peculiar  bacterium,  the  Bacillus  prodigiosus, 
which  is  not  normally  found  in  the  air.  He  then  exposed  small 
open  dishes  of  nutritive  media,  (Petri  plates)  in  the  upper  part 
of  the  systems.  Germs  carried  up  in  the  air  fell  on  the  plates, 
grew  and  developed  into  visible  colonies,  and  among  these 
colonies  he  identified  the  particular  form,  B.  prodigiosus,  intro- 
duced in  the  liquid  at  the  bottom.  By  this  process  he  detected 
his  test  organism  in  a  pipe  9  feet  above  an  experimental  run- 
ning trap  into  which  it  had  been  introduced,  and  in  the  air 
of  a  catch  basin  of  the  town  into  which  he  had  poured  it 
Similar  results  were  obtained  when  the  lower  sections  of  his 
experimental  pipe  system  were  wetted  with  a  culture  of  the 
B.  frodigiosus  and  then  dried.  The  dried  germs  were  appar- 
ently detached,  carried  up  by  the  air  and  deposited  on  the 
plates.  In  another  series  of  experiments  sewage,  infected  with 
the  typhoid  bacillus  or  with  B.  frcdigiosus,  was  allowed  to  flow, 
quietly  and  without  splashing,  through  a  horizontal  pipe  to 
which  a  vertical  pipe  was  connected  at  an  intermediate  point. 
Plates  exposed  in  the  vertical  pipe  showed  colonies  of  the 
~1c  bacteria  introduced  below,  even  at  a  height  of  eleven 
nine  inches  above  the  liquid.  Again,  emulsions  of  B. 
'  ins  were  flushed  from  the  closets  of  drainage  systems 
actual  use  and  the  germs  thus  introduced  were  found  in  all 
of  the  systems  in  open  connection  therewith,  even  at  a 
t  of  fifty  feet  above  the  traps.  Major  Horroeks,  by  the 
method  of  exposing  Petri  plates,  found  Bacillus  colt,  the 
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characteristic  organism  of  sewage,  in  a  house  drain  and  in  the 
main  sewer  of  the  town.  Finally  he  passed  the  feces  of  a 
typhoid  patient  suspended  in  water  through  a  haif-S-trap  and 
found  the  typhoid  organism  on  plates  in  a  vertical  pipe  above 
it  at  a  height  of  3  feet,  six  inches  above  the  liquid. 

Major  Horrocks'  report,  and  a  still  more  recent  series  of 
confirmatory  experiments  by  Dr.  F.  W.  Andrewes  of  London, 
naturally  excited  the  deepest  interest  among  sanitarians.  In 
many  quarters  the  old  suspicions  of  sewer  air  were  revived 
in  almost  their  full  force. 

The  Journal  of.  the  American  Medical  Association  for 
example  said  in  commenting  upon  Horrocks'  work:  "We  may 
still  have  to  look  to  sewer  emanations  as  the  occasional  cause 
of  mysterious  outbreaks  of  disease/'  Other  sanitarians  main- 
tained a  more  conservative  attitude,  and  waited  further  evidence 
before  abandoning  their  previous  conclusions.  The  matter  stood 
about  as  follows:  On  the  one  hand  Horrocks  had  shown  that 
specific  bacteria,  present  in  traps  and  drains,  could  get  into  the 
air  above  by  splashing,  by  the  bursting  of  bubbles  and  even  in 
some  experiments  from  the  surface  of  liquids  apparently  in 
quiet  motion;  he  detected  such  bacteria  by  the  plate  method 
in  the  air  of  ventilating  pipes  at  considerable  distances,  (once  at 
fifty  feet)  above  the  infected  liquid.  On  the  other  hand,  Miquel 
Petri,  Uffelmann,  Carnelley  and  Haldane,  Laws  and  Andrewes 
and  others  had  shown  that  the  number  of  bacteria  actually 
present  in  the  air  of  sewers  and  house  drains  is  extremely  small 
and  that  those  present  are  generally  air  forms  and  not  sewage 
forms.  Furthermore  reliable  evidence  of  the  spread  of  infec- 
tious disease  by  sewer  air  is  wholly  lacking.  The  inconsistency 
of  the  two  sorts  of  evidence  required  explanation;  and,  after 
presenting  the  facts  to  the  Sanitary  Committee,  of  the  National 
Association  of  Master  Plumbers,  i  was  commissioned  by  them 
to  attempt  the  clearing  up  of  the  apparent  contradiction. 

I  first  attempted  to  repeat  as  closely  as  possible  one  of 
Horrocks'  simpler  experiments.  I  examined  the  air  of  a  boat 
chamber  on  one  of  the  main  sewers  of  the  city  of  Boston,  as 
Horrocks  had  done  in  the  sewers  of  Gibraltar.  I  found  colon 
bacilli,  the  characteristic  sewage  organism,  on  my  plates  in 
many  experiments;  but  their  number  was  least  nearest  the 
sewage,  greater  nearer  the  street,  and  greatest  in  the  street  air 
itself.  It  was  clear  that  they  came  from  street  dust  infected 
by  horse  dung,  etc.,  and  not  from  the  sewage  at  all.  I  then 
constructed  an  experimental  pipe  system,  such  as  Horrocks  used, 
consisting  of  a  half-S  trap  of  six-inch  tile  drain  to  which  an 
eight-foot  vertical  stack  of  the  same  pipe  was  connected.  A 
rich  emulsion  of  B.  prodigiosus  culture,  or  of  B.  coli  culture,  in 
soapy  water  was  poured  through  the  trap  and  Petri  dishes  of 
nutrient  gelatin  or  agar  were  suspended  at  various  points  in 
the  pipe  above.  Control  plates  were  also  exposed  at  various 
points  in  the  laboratory  outside.    Six  out  of  28  plates  exposed 
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in  the  pipe  over  the  B.  coli  emulsion  showed  colonies  of  this 
germ,  14  colonies  in  atL  Eight  out  of  24  plates  exposed  in  the 
pipe  over  liquid  infected  with  B.  frodigiasus  showed  this 
organism,  17  colonics  in  all.  The  general  effect  of  these  experi- 
ments vat  therefore  to  confirm  the  results  of  Major  Horrocks. 
My  testa,  like  his,  showed  that  specific  bacteria  are  discharged 
into  the  air  from  the  surface  of  foaming  infected  liquids  and 
may  be  carried  up  in  connecting  pipes  for  considerable  distances. 
Failhennoie  I  found  that  the  velocity  of  an  air  current  capable 
of  transporting  bacteria  in  the  form  in  which  they  are  sprayed 
into  the  air  from  an  atomizer  is  very  low  indeed. 

Granting  then  that  infection  of  the  air  above  sewage  may 
tike  place,  how  can  the  results  of  actual  examinations  of  sewer 
lir  be  explained?  The  idea  suggested  itself  at  once  that  the 
whole  question  might  be  a  quantitative  one.  It  might  be  possible 
that  under  extreme  conditions  sewage  bacteria  get  into  the 
sir  but  that  the  number  discharged  is  so  small  under  normal 
conditions  that  it  does  not  appreciably  affect  the  composition 
of  the  air  of  the  sewer  as  a  whole. 

I  next  therefore  attempted  to  investigate  the  question  from 
this  standpoint ;  and  made  first  a  careful  examination  of  the  beat 
available  quantitative  methods,  Horrocks*  procedure  of  expos- 
ing open  dishes  of  nutrient  media  to  the  air  is  of  course  not 
mutative  at  all  since  the  bacteria  which  happen  to  fall  on 
the  plate  are  not  related  to  any  particular  volume  of  air.  The 
method  adopted  by  most  recent  observers,  and  the  one  which 
I  used  in  the  experiments  reported  a  year  ago,  involves  the 
straining  out  of  the  bacteria  in  a  measured  volume  of  air  by 
di awing  it  through  a  sand  filter.  The  bacteria  are  then  washed 
out  from  the  sand  in  sterile  water  and  enumerated  by  the 
ordinary  cultivation  methods*  During  my  work  this  year  I 
developed  a  new  method  in  which  a  measured  volume  of  air 
is  drawn  into  two  large  Culture  Bottles  and  the  bacteria  are 
allowed  to  settle  out  and  form  colonies  on  nutrient  media  in  the 
bottom  of  the  bottles.  This  method,  although  cumbrous*  avoids 
all  danger  of  losing  bacteria  by  drawing  them  through  the 
sand  and  was  used  in  all  my  later  work.  A  careful  series  of 
comparative  tests  showed,  however,  that  the  sand  method  used 
in  other  investigations  is  essentially  accurate  and  earlier  results 
may  be  accepted  as  correct  in  their  general  conclusions. 

By  the  use  of  the  Culture  Bottle  Method  I  next  attempted 
to  control  Major  Horrocks*  results  from  the  quantitative  stand* 
Mint  I  prepared  a  rich  emulsion  of  B.  prodigiosus,  containing 
hundreds  of  millions  of  bacteria  per  liter,  made  it  foam  freely 
by  beating  :t  op  with  soap,  and  poured  it  into  a  *arge  glass 
bottle  or  into  an  open  dish.  The  air  in  the  bottle,  or  the  air  of 
the  laboratory  over  the  open  dish,  was  examined  by  the  Culture 
Bottle  Method  Out  of  thirty  liters  of  air  examined,  five  only 
contained  B.  prodigiosu*.    In  one  liter,  three  were  found,  and 
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in  the  other  four,  one  each.  Clearly  the  bacterial  infection  of 
the  air  produced  by  very  vigorous  foaming  was  but  slight 

In  these  experiments  there  was  but  little  splashing  of  the 
infected  liquids;  the  bursting  of  bubbles  from  the  foaming 
surface  was  the  only  source  of  air  infection.  I  next  imitated 
natural  conditions  more  closely.  Through  the  kindness  of  Mr. 
Craig  I  had  an  ordinary  porcelain  water-closet  bowl  set  directly 
on  a  four-inch  cast-iron  S-trap,  having  a  clean-out  hole  at  its 
crown.  The  S-trap  was  connected  at  its  lower  end  with  an 
ordinary  four-inch  running  trap.  A  rich,  soapy  emulsion  of  B. 
prodigiosus  was  poured  rapidly  into  the  water-clos-t  bowl  so 
as  to  rush  down  through  the  two  traps,  foaming  and  splashing 
as  it  went.  Samples  of  air  were  collected  from  the  clean-out 
at  the  crown  of  the  upper  trap  and  from  the  upper  opening  of 
the  lower  running  trap,  a  few  inches  only  from  the  foaming 
surface  of  the  liquid.  Everything  was  as  favorable  as  possible 
for  the  discharge  of  bacteria  into  the  air.  Yet,  out  of  44  liters 
of  air  examined,  43  contained  no  B.  prodigiosus.  One  liter 
showed  a  group  of  eleven  colonies  apparently  derived  from  a 
single  infected  droplet.  It  must  be  remembered  that  in  these 
experiments,  I  used  liquids  artificially  infected  with  large 
numbers  of  specific  bacteria  and  caused  to  foam  artificially  by 
beating  them  up  with  a  considerable  addition  of  soap.  Vigorous 
splashing  was  added  to  foaming  in  the  last  series  of  tests.  Under 
these  extreme  conditions,  as  in  Major  Horrocks'  experiments, 
the  specific  bacteria  present  could  be  detected  in  the  air;  yet 
the  actual  number  present  even  here  was  extremely  small. 

These  experiments  seemed  to  offer  a  reasonable  explanation 
of  the  difference  between  Major  Horrocks'  results  and  those 
of  other  observers.  Bacterial  infection  of  the  air  from  foaming 
liquids  may  take  place.  Horrocks,  using  for  the  most  part 
artificially  prepared  emulsions  and  ignoring  the  quantitative 
aspect  of  the  case,  naturally  obtained  positive  results.  When 
the  question  is  approached  numerically,  however,  the  amount 
of  air  infection,  even  under  extreme  conditions,  is  so  slight  that 
one  would  scarcely  expect  the  general  air  of  sewers  and  house 
drains  to  be  appreciably  affected  under  normal  conditions. 

The  final  test  of  experimental  conclusions  of  this  sort 
must  always  be  made  by  an  appeal  to  existing  conditions  under 
normal  circumstances  of  actual  use.  The  numerous  investiga- 
tions cited  above  have  shown  that  the  air  of  street  sewers  is 
indeed  singularly  free  from  bacteria.  The  air  of  house  drainage 
systems  might,  however,  be  supposed  to  be  worse  than  that  of 
the  street  sewers;  and  with  regard  to  their  bacterial  condition 
only  the  single  report  of  Uffelmann  appears  to  be  available.  As 
a  crucial  test,  I  therefore  determined  to  carry  out  a  sufficient 
number  of  examinations  of  house  drain  air  to  gain  a  fair  idea  of 
its  bacterial  composition.  With  the  cordial  co-operation  of  Mr. 
Craig,  I  have  been  able  to  complete  this  work  and  to  obtain  re- 
sults which  seem  to  be  conclusive. 
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I  studied  nineteen  different  plumbing  systems,  five  in  build- 
ings of  the  Massachusetts  Institute  of  Technology,  four  in  the 
wards  of  the  Boston  Gty  Hospital,  three  in  a  block  of  East  Bos- 
ton tenements,  two  at  the  Boston  City  Hall,  two  at  the  Hotel 
Lenox  and  one  each  in  the  Ames  Building,  in  the  Technology 
Qob,  and  ta  a  private  residence  on  Newbury  Street.  The  plumb* 
■g  pipes  were  tapped  at  various  representative  points,  on  the 
atain  stack  in  the  lower  part  of  the  building,  on  the  projection 
*  the  main  stack  above  the  roof,  on  clean-outs  on  the  main  house 
on  wastes  from  fixtures  and  dead  ends  in  connection  with 
the  boose  drain,  and  in  one  case  on  the  ventilation  system  at  some 
distance  bom  the  main  stack.  From  each  of  twenty  points  se- 
lected, ten  liters  of  air  were  drawn  off  and  examined  for  the 
characteristic  bacteria  of  sewage,  the  colon  bacillus  and  the  sew- 
age streptococcus. 

In  all,  aoo  liter  samples  of  air  were  examined.  Three  sam- 
ples were  lost  from  the  fact  that  the  liquid  sewage  in  the  plumb- 
ing pipe  ran  into  the  collecting  tube  and  over  into  the  Culture 
directly  contaminating  it  with  liquid.    There  remained 
197  tests*  Of  these  193  showed  no  sewage  bacteria  present 
the  remaining  four  cases,  sewage  organisms  were  found,  the 
colon  bacillus  three  times  and  the  streptococcus  once.   In  each 
ooe  of  these  four  cases  there  was  a  discharge  of  sewage  in  the 
pipe  at  the  point  of  examination,  and  at  the  moment  the  sample 
was  taken  so  that  spray  was  actually  splashing  in  the  air.  In 
each  of  the  four  cases  a  sample  of  air  from  the  same  point  ten 
minutes  later  showed  no  sewage  forms  present   In  not  a  single 
case  out  of  the  200  were  sewage  bacteria  present  in  a  liter  of 
boose  drain  air  unless   there  was  mechanical  splashing  at  the 
point,  and  at  die  moment,  of  examination. 

In  general  my  results  confirm  the  results  of  Horrocks  in  so 
far  as  they  show  that  specific  bacteria  may  be  ejected  from  liquids 
into  the  air  above.  My  tests  of  house  drain  air,  like  those  of 
Camelley  and  Haldane  and  Laws  and  Andrewes  on  sewer  air, 
indicate  that  mechanical  splashing  may  produce  a  local  infection 
of  the  air  in  immediate  contact  with  the  spray.  Such  an  infec- 
tion does  not*  however,  extend  for  any  distance  or  persist  for 
more  than  a  minute  or  so.  I  found  the  genera]  air  of  house  drain- 
age systems  singularly  free  from  bacterial  life.  Out  of  200  liters 
examined,  onlv  48  contained  any  organisms  capable  of  develop- 
ment at  37*.  Sewage  bacteria  were  found  in  the  air  of  the  house 
drains  only  four  times  out  of  200  liters,  and  then  in  the  presence 
of  mechanical  spraying  of  sewage  at  the  point  of  collection.  The 
general  air  of  the  house  drainage  system,  aside  from  this  local 
mfcetfon,  was,  as  far  as  examined,  free  from  sewage  organisms. 
These  results  accord  well  with  those  obtained  by  Miquel,  Petri, 
GaneUey  and  Haldane  and  Laws  and  Andrewes  in  street  sewers, 
and  with  those  reported  by  Uffclmann  for  drain  air. 

The  experiments  of  Major  Horrocks,  rightly  interpreted,  fa 
way  contradict  this  general  consensus  of  opinion.  He  demon- 
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strated  a  possibility;  by  using,  for  the  most  part,  artificially  in- 
fected, and  foaming  emulsions,  and  by  ignoring  all  quantitative 
considerations.  We  must  deal,  however,  in  sanitation,  not  with 
theoretical  possibilities,  but  with  probabilities,  measured  as 
closely  as  possible  in  regard  to  their  practical  importance.  I  have 
found  in  my  experiments  that  even  under  the  most  extreme  con- 
ditions the  number  of  bacteria  which  get  into  the  air  from  an 
infected  liquid  is  small.  I  have  found  by  the  examination  of  a 
series  of  plumbing  systems  in  actual  use  that  intestinal  bacteria 
could  only  be  isolated  four  times  out  of  200  liters,  and  then  only 
at  points  of  direct  local  infection  from  splashing. 

In  a  surface  water  of  good  quality,  like  that  of  New  York 
City,  the  colon  bacillus  can  almost  invariably  be  isolated  from 
ten  cubic  centimeters.  This  means  a  slight  degree  of  intestinal 
pollution,  but  experience  has  shown  that  the  chance  of  infection 
from  such  a  water  is  but  slight ;  and  we  drink  it  without  serious 
alarm.  If  one  were  to  breathe  for  24  hours  the  undiluted  air  of 
a  house  drainage  system,  at  any  point  not  immediately  infected 
by  mechanical  splashing,  it  appears  that  less  than  fifty  intestinal 
bacteria  would  be  taken  in;  for  the  daily  consumption  of  air  is 
about  10,000  liters,  and  in  200  liters  I  obtained  negative  results 
from  air  of  this  sort.  In  drinking  New  York  water,  twice  as 
many  colon  bacilli  are  ingested  every  day,  for  1000  cubic  centi- 
meters is  a  small  amount  for  daily  consumption.  So  there  would 
be  less  danger  of  contracting  disease  from  continually  breathing 
the  air  of  a  vent  pipe,  or  of  a  soil  pipe,  except  where  liquid  is 
actually  splashing,  than  from  drinking  New  York  water. 

There  is  a  possibility  of  course  that  the  gaseous  emanations 
from  decomposing  organic  matter  may  exert  a  pre-disposing  in- 
fluence which  makes  the  body  succumb  more  easily  to  specific 
germs,  introduced  in  other  ways.  Many  have  held  that  in  this 
way  sewer  gas  might  indirectly  promote  disease.  This  view, 
supported  mainly  by  the  experiments  of  Alessi,  well  deserves 
further  study ;  but  I  have  not  dealt  with  it  in  the  present  inves- 
tigation. I  believe,  however,  that  my  results,  in  the  light  of  all 
previous  evidence,  warrant  the  conclusion  that  the  chance  of 
direct  bacterial  infection  through  the  air  of  drains  and  sewers 
is  so  slight  as  to  be  practically  negligible. 

June,  1908. 
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I  Ii>  exhaust  the  available  oxygen.  

i  of  relative  stability  results  obtained  from  the  twenty-day 
i  period  shown  in  Table  2  with  those  calculated  from  a 

four-day  period  ,  

ngsnacawsa  of  relative  stability  result*  obtained  from  smaller  num- 
bers of  sample*  1»t  the  use  of  (our,  six,  and  twenty  day  incubation 
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THE  DISINFECTION  OF  SEWAGE  AND  SEWAGE  FILTER 

EFFLUENTS. 


By  Kahlk  Brrkari>  Phklfb. 


INTRODUCTION. 

TV  investigations  on  which  thin  report  is  based  were  conducted 
E.  B.  Phelpa  at  the  sanitary  research  laboratory  and  sewage* 
rat  station  of  the  Massachusetts  Institute  of  Technology 
it  and,  in  collaboration  with  Mr*  Phelps,  by  Francis 
Daniel*  at  the  sewage-disposal  works  at  Red  Bank,  N\  J.,  and  by 
B.  Whitman  at  the  Walbrook  Testing  Plant  nt  Baltimore,  Md., 
cooperative  agreements  with  the  Massachusetts  Institute  of 
r,  the  Stat*  Sewerage  Commission  of  New  Jersey,  and  the 
Commission  of  Baltimore. 

MEWAGE  PURIFICATION. 
PURIFYING  AOBNTS. 

The  essential  agents  of  sewage  purification  are  provided  and  em* 
ployed  by  nature.    The  alow  action  of  the  soil  bacteria,  aided  by 
oxygen,  eventually  convert*  into  harmless  mineral 
»ta  all  organic  matter  that  comes  within  its  sphere  of  activ* 
the  being  analogous  to  that  of  combustion*  Sewage 

ition  aa  practiced  to-day  is  but  the  intensive  application  of 
natural  pcooeaseo  under  controllable  conditions.  The  improve- 
that  have  been  made  in  methods  of  treating  sewage  have  not 
involved  the  discovery  or  application  of  new  principles,  but  have 
increased  the  working  efficiency  of  the  natural  bacterial 
The  constant  aim  of  the  experimenters  has  been  to  in* 
the  rata  at  which  sewage  can  be  treated  on  a  given  area  of 
Prom  the  old-time  sewage  irrigation  field,  with  its  maximum 
capacity  rf  pqssjhjy  10,000  gallons  an  acre  in  twenty-four  hours,  to 
the  prwnt~4ay  trickling  filter  capable  of  dealing  with  two  or  three 

f,  the  march  of  improvement  ta*  Vmr, 
amount  of  sewage  iWv  M  W  \w\t\Wv\ 
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on  an  acre  of  filtering  area  has  been  increased  two  or  three  hunched 
fold,  and  investigators  are  working  toward  a  still  greater  increasa. 

It  must  be  admitted  that  the  significance  of  the  word  "purify"  has 
also  undergone  a  radical  change.  The  effluents  are  no  longer  pom 
ground  water.  The  liquid  flowing  from  a  modern  trickling  filter 
looks  to  the  untrained  eye  like  the  original  sewage.  The  organic 
#  matter  of  the  sewage  is  no  longer  "burned  up"  to  harmless  mineral 
matter;  indeed,  there  is  almost  as  much  organic  matter  in  the  effluent 
as  in  the  raw  sewage,  and  sometimes  more.  What  change  then  his 
taken  place  to  justify  the  use  of  the  term  "purified?"  The  answer 
lies  in  the  fact  that  the  organic  matter  has  been  changed  but  not 
removed.  To  cany  out  the  simile,  the  organic  matter,  though  not 
burned,  has  been  charred  or  partly  oxidized,  and  this  charring! 
process  has  been  sufficient  to  rob  it  of  its  putrescibility  or  f oulne* 
In  other  words,  its  chemical  composition  has  been  so  altered  that  it 
is  no  longer  capable  of  undergoing  rapid  putrefactive  decomposition. 

On  first  consideration  it  appears  inconceivable  that  the  chkf 
object  of  sewage  disposal — prevention  of  the  fouling  of  streams- 
could  be  attained  by  such  subtle  changes  in  the  nature  of  the  organic 
matter.    Nevertheless,  effluents   containing  comparatively  large 
amounts  of  organic  matter  may  be  discharged  into  streams  with- 
out fear  of  causing  nuisances  if  the  organic  matter  is  nonputrescibb 
and  if  conditions  preclude  immediate  sedimentation.    The  work  of 
purification  proceeds  in  the  stream  as  it  does  in  the  soil  until  the 
oxidation,  or  combustion,  is  complete,  oxygen  for  that  purpose  being 
sufficiently  abundant  in  a  reasonably  clean  stream.    On  the  other 
hand,  too  much  crude  sewage  added  to  water  first  robs  it  of  all  its 
available  oxygen,  then,  in  the  anaerobic  condition  thus  established, 
kills  the  beneficent  oxidizing  bacteria  and  transforms  the  stream 
practically  to  an  open  sewer.    It  is  apparent,  therefore,  that  purifi- 
cation of  sewage  has  come  to  mean  primarily  the  removal  of  its 
tendency  to  putrefy  and  not  the  total  oxidation  and  removal  of  all 
its  organic  matter. 

FATE  OF  BACTERIA  IN  SEWAGE  FILTRATION. 

In  the  older  and  more  perfect  methods  of  sewage  purification  the 
bacteria  of  the  sewage  with  the  other  organic  matter  were  destroyed 
by  the  straining  action  of  the  soil  and  the  oxidizing  action  of  the 
normal  soil  bacteria;  but  a  modern  filter  of  coarse  stones  neither 
strains  the  material  nor  affords  opportunity  for  vigorous  oxidation. 
Much  of  the  original  organic  matter  passes  through  such  a  filter, 
having  undergone  changes  so  slight  as  almost  to  defy  detection  by 
ordinary  chemical  means.  It  is  reasonable,  therefore,  to  inquire  as  to 
the  fate  of  the  sewage  bacteria  and  particularly  as  to  the  pathogens!  or 
d/sease-producing  The  data  oxv  t\v\*         are  somewhat 
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The  question  wiw  raised  in  1893  in  connection  with  the 
t  septic  tank  at  Exeter,  England.    The  fear  was  expressed  that 
pathogenic  germs  might  even  multiply  in  the  tank,  as  other  forms 
of  bacteria  are  known  to  do.    Sims  Woodhcad  conducted  an  inventi- 
on as  a  result  of  which  he  concluded  that  no  organisms  capable 
*ettang  up  morbid  changes  in  animals  after  inoculation  came  from 
tank*    Piekard  introduced  an  emulsion  of  typhoid  bacilli  into 
Exeter  tank  and  okserved  a  slow  diminution  in  number.    It  is 
important  to  note,  however,  that  even  after  fourteen  days  1  per 
cent  of  tike  original  number  was  still  alive.    Pickard  also  reported 
removal  of  over  90  per  cent  of  the  typhoid  organisms  introduced 
to  *  contact  filter.    Kideal,  on  examining  die  effluents  of  three 
ott-MoncrielT  filters  at  Caterham,  England,  found  reductions  in 
ciOu*  coti  ranging  from  95  per  cent  t « j  9S.5  j>er  cent.    He  made 
the  following  statement  before  the  Koyal  Sewage  Commission;*1 
"Satisfactory  evidence  in  most  of  the  systems  i>  now  available  from 
which  I  flunk  we  an*  justified  in  concluding  that  even  if  towns  on  a 
ver  like  the  Thames  adopted  bacterial  schemes  the  pathogenicity 
f  the  London  water  supply  would  not  be  adversely  affected  thereby 
On  the  other  hand,  there  is  >oine  evidence  that  tin-  pathogenic  prop- 
ie*  of  sewage  are  not  materially  altered  in  its  passage  through  a 
mrwvgrainetl  filter.    Alfred  MacConke\     mn'r  r,-.i. 
pon  the  longevity  «»f  H   typhi  in  various  water's.    Samples  of  t hi- 
quid  under  examination  were  inoculated  with  large  number*  of 
yphoid  bacilli  ami  wen*  kept  under  ohsc  rv  at  ion.    In  one  experi- 
ment the  organism  was  isolated  from  sewage  thirleen  day?*  after 
inoculation*     lit  a  second  set  of  two  tests  it  was  not  found  after  fif- 
teen and  after  seventeen  days.    In  two  contact-bed  effluents  il  was 
d  after  fifteen  and  seventeen  days,  respectively,  wlule  in  two 
contact-bed  effluents  il  did  not  survive  beyond  the  sixth  day. 
Vmkey  concluded  that  the  numbers  of  typhoid  organisms  reach- 
ing a  filter  are  ordinal  ih     ^  small  that  there  is  bin  slighi  p*rssibilit\ 
^f  tlieir  passing  through,  but  "if  from  any  cause  they  arrive  to  the 
tanks  in  such  large  numbers  as  the  H.  coli,  thru  certainly  they  might 
mx  in  the  effluent  just  a.s  the  H.  evli  does."    In  interpreting 
results  due  allowance  must  be  made  for  the  fact  that  the  isola- 
anil  identification  of  the  typhoid  bacillus  under  such  condition* 
extremely  difficult  and  that  failure  to  detect  the  organism  carries 
perinictital  weight  than  a  positive  result. 
*  in  a  careful  investigation  of  the  subject  for  the  Koyal 
wage  Commission,  found  that  the  effluent*  from  septic  tanks,  con- 
t  bed*,  and  tricklingdilter  beds  contained  enormous  number*  «*f 

«  litlartm  H*ft  K<»v*J  s**^  C<mum«u«n  Wi,  ifim****  NV  4MS,p>  ttt 
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bacteria.  In  some  of  rhe  tests  the  per  cent  reduction  ii»  the  effluent* 
a*  compared  Airh  rhe  raw  *evcajre  was  strilriiur:  but  as  it  was  neces- 
sary to  ] t a « i w  ar.  ^rfluent  by  i:.-  actual  condition,  and  as  the  number 
of  micro  or£r*ni-r;>  -riil  remaining  *~as  almost  always  very  large,  he 
concluded  that  per  cent  purine  at  ion  is  rif  minor  importance.  In  not 
a  few  of  the  te*t«  the  bacteria  were  practically  as  numerous  in  the 
f fflu^nt  as  in  the  raw  sewage.  The  relative  abundance  of  the  ilif- 
ferenr  kinds  of  bacteria  appeared  to  be  much  the  same  in  the  efflu- 
ents as  in  the  crude  .sewage.  Of  undesirable  bacteria,  such  as  B.  co&f  : 
prof  ei  is- 1  ike  germs,  s  po  res  of  /J.  frUsritidi*  *pwrixjen**.  and  strepto-  J 
cocci,  the  effluents  contained  nearly  as  many  as  the  crude  sewage.  ] 
The  red  net  ion  in  numbers  of  these  objectionable  bacteria  was  apptr-  ; 
e ntly  not  marked  enough  to  be  of  consequence  from  the  point  of 
view  of  the  epidemiologist.  So  definite  proof  was  found  that  the 
effluents  from  bacterial  beds  were  conspicuously  safer  than  crude 
sewage  in  their  possible  relation  to  disease.  Attention  was  especially 
called  to  the  presence  of  streptococci  in  the  effluent.  Houston  con- 
tends that  if  it  I*-  true  that  streptococci  are  more  delicate  germs  than 
the  typhoid  bacillus,  their  presence  in  large  numbers  in  the  effluent 
indicates  the  possibility  or  probability  that  the  typhoid  bacillus  also 
survives  under  similar  conditions —a  view  that  leads  to  the  inference 
that  the  biological  processes  at  work  are  not  strongly  inimical,  if 
hostile  af  all.  to  the.  vitality  of  pathogenic  germs.  Experiments 
with  /'.  » jtnrofjf  ///*',  a  -pore-forming  organism,  have  shown  that  it 
pa-- fhioiigh  filters  in  almost  undiminished  numliers. 

Ke-ide-  the  fact>  already  mentioned,  little  information  is  avail- 
ab|e  ■Ahie.h  bear-  flirectly  on  the  fate  of  the  pathogens,  and  particu- 
hnh  of  tin-  typhoid  organism,  in  .sewage  purification.  It  is  there- 
fore iiciT-,.:in  to  examine  the  available  indirect  evidence.  By  study- 
ing i he  onio v.! I  i if  en-tain  s|>ecific-  organisms  that  art1  easily  detected 
>md  certain  well  defined  groups  of  organisms  existing  in  sewage,  the 
probability  of  the  elimination  of  the  typhoid  organism  can  l>e  deter- 
mined. In  the  ali.-eiiee  of  further  data  it  must  be  assumed  for  the 
-ake  of  safety  that  the  elimination  ol  the  typhoid  bacillus  is  not 
materially  greater  than  that  of  the  other  species  and  groups  that 
inn)  be  studied.  During  the  summer  of  1W)4  there  were  operated  at 
t  he  sew  age  experiment  station  four  septic  tanks  running  at  storage 
petiudsnf  from  twelve  to  forty-eight  hours,  nine  contact  beds  differ- 
ing in  material,  depth,  and  rate,  three  trickling  filters,  and  three 
Mind  filter.,  one  of  each  set  being  run  with  crude  sewage  and  two 
kinds  of  sept  ie  diluent*,  respectively.  The  results  of  bacterial  counts 
are  shown  in  Table  I,  in  which  the  numbers  are  averages  of  all  results 
obtained  with  one  kind  of  filter." 

"  \\  in-.lnw  .  C   T    \..  Nip  piniilx<r  »f  ImrtiTiu  in  s«»\v:»p«  :unl  srw.irr  diluents:  Jour.  Infect.  His.,  vol  1. 
Silpl'l.  I.  /<*>",.  |. 
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The  aeptic  tmik  and  two  trickling  lilu*rn  in  operation  at  the  same 
tation  during  the  summer  of  11*00  gave  thi*  average  results  recorded 
Table  2,  showing  that  less  than  one-half  of  the  bacteria  growing  al 
'C.  were  removed  by  filtration,  and  Unit  the  reduction  in  the  num- 
pr  of  colon  bacilli  was  practically  in  the  same  proportion. 
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Johnson/1  in  his  experiments  tit  <  ulumhn^.  found  u  rnlun  ion  in  the 
oial  number  of  bacteria  ranging  from  XI  per  rem  io  on  per  rent  in 
primary -contact,  filters,  ami  a  removal  of  ahoui  :W  per  cent  of  the 
remainder  in  secondary -H  onlari  filters,  ami  from  :>n  per  cent  to  sn  per 
It  in  trickling  filters,  depending  largely  on  the  depth  of  the  filter. 

juent  sedimentation  increased  ilu>  removal  to  s7  prr  rent, 
limn  ami  Prilzkou,*  at  Berlin,  report  a  reduction  in  the  number  *>f 
Urterm  (rum  17*000,000  in  the  sewage  to  f»,000,000  in  the  effluent 
rlouble-eonlact  fdler     At  La  Madclcin,  France,  ralmette'  found 
MHH1  bacteria  |>er  cubic  centimeter  in  rmde  >cwage,  2,000,000  in  a 
idary -contact  effluent!  and  800,000  in  the  effluent  from  a  I  rn  kling 
Thm  sewage  contained  20,000,  the  contact  effluent  4,000,  ami 
trickling  effluent  l\<hhi  rolon  barilli.    At  Phuntield,  N   J.,  the 

too  A  H  Rpporl  on  ttwifi  t*irt0r*ikm  al  Cattimlm*,  Ohio,  iiWA. 
K*iftf  ftfttbov,  A*,  Mittetfunfrn  mtt  >W  Kflniclirtmi  JValonnw 
Ileum,  i«n,  ml  v  j»  1ST. 
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double-contact  filter  was  found  to  reduce  the  number  of  bacteria 
from  an  average  of  1,000,000  per  cubic  centimeter  to  an  average  of 
322,000;  B.  coli  ranged  from  1,000,000  to  100,000  in  the  sewage  and 
from  100,000  to  10,000  in  the  effluent.0  An  experiment  performed  by 
Houston 6  is  important  in  this  connection:  B.  pyocyaneus,  a  patho-  ■ 
genie  organism,  was  applied  to  the  top  of  a  trickling  filter,  and  ten 
minutes  later  the  bacillus  appeared  in  the  effluent,  continuing  to  be 
discharged  for  ten  days.  In  a  similar  manner  the  same  organism  wm 
found  to  pass  through  a  septic  tank  and  a  contact  filter  successively, 
and  to  persist  in  both  for  nine  days.  At  Baltimore,  Md.,  the  board  of 
advisory  engineers  concluded  that  95  per  cent  of  the  bacteria  in  the 
sewage  could  be  removed  by  a  system  comprising  a  septic  tank,  9-foot 
trickling  filters,  and  supplementary  sedimentation  basins.0  Such 
results  are  better  than  those  usually  obtained  elsewhere,  and  if  they 
can  be  maintained  in  practice  they  will  go  far  toward  solving  the 
problem  in  that  locality. 

From  a  consideration  of  the  available  evidence  it  may  be  stated  m 
a  general  way  that  coarse-grained,  rapid  sewage  filters  remove  a  con- 
siderable proportion  of  the  sewage  bacteria;  that  such  removal  has 
not  been  found  to  be  sufficiently  complete  in  practice  to  have  great 
sanitary  significance;  that  bacteria  of  various  groups  and  certain 
specific  organisms  pass  through  such  filters  in  practically  the  same 
proportions  as  the  bacteria  as  a  whole ;  and  that,  in  the  absence  of  any 
information  to  the  contrary,  it  should  be  assumed  that  such  filters 
have  no  greater  effect  on  the  typhoid  and  other  pathogenic  organisms 
than  on  B.  coli,  B.  pyocyaneus,  sewage  streptococci,  or  the  different 
groups  of  sewage  bacteria. 

THE  NECESSITY  FOR  DISINFECTION. 

It  is  probable  that  removal  of  bacteria  will  again  be  considered  an 
essential  factor  in  sewage  purification.  That  it  was  so  considered 
formerly  is  well  known.  The  development  of  the  modern  rapid  filter 
has  made  it  possible  to  introduce  sewage  purification  under  conditions 
where  it  would  have  been  impossible  or  prohibitively  expensive  in 
former  days.  In  the  acceptance  of  a  partial  solution  of  the  problem 
much  has  been  gained  and  but  little  lost.  The  process  of  purification 
that  renders  practically  stable  the  offensive  organic  matter  of  sewage 
has  accomplished  the  most  important  and  in  many  cases  the  only 
essential  requirement.  If,  however,  sewage  effluents  find  their  way 
into  the  drinking  waters  of  neighboring  communities,  the  question  of 
the  relative  responsibility  of  the  settlements  is  debatable.  It  is  gen- 
erally conceded  at  present  that  efficient  sewage  purification  should  be 


a  Rept.  Sewerage  Commission  of  New  Jersey  for  1906. 

b  Houston,  A.  C,  Fourth  Interim  Rept.  Royal  Sewage  Commission,  1904,  vol.  8,  p.  77. 

c  Report  of  the  Board  of  At*-1      '""flfawn  to  the  8v* m«&  C^miuissVon  of  Baltimore,  IMS. 
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BO  by  the  communities  in  which  th<<  ^w>i^  originates,  and 
purification  of  the  water  supply  is  the  urgent  duty  of  the  other 
As  streams  flowing  through  populous  districts  are 
ly  contaminated  and  unfit  for  domestic  use  without  filtration, 
ibuHMidmd  mijmir  to  require  a  community  to  purify  its  sewage  to  a 
I  Materially  than  that  shown  by  the  stream  into  which  it 
On  the  other  hand,  in  the  fight  against  infectious  dis- 
sound  tactics)  demand  an  attack  on  the  enemy  as  near  as  pos- 
to  the  initial  source  of  infection-    The  best  and  easiest  place  to 
97  typhoid  germ*  is  at  the  bedside  of  the  typhoid  patient ;  but 
method  can  not  be  relied  on  to  keep  sewage  free  from  infection, 
the  next  strategic  point  is  certainly  the  sewage.    Once  at  Large 
germ*  may  reach  their  victims  in  a  score  of  well-known  ways, 
who  will  amy  by  how  many  devious  and  unknown  paths?  With 
knowledge  of  these  facts  and  with  improved  processes  and 
met  of  disinfection  it  is  not  too  much  to  expect  that  the 
1  of  sewage  will  some  day  be  regarded  as  an  integral  part 
sf  it*  petrification  and  as  a  necessary  measure  of  protection  for  the 


One  of  the  ways  by  which  typhoid  germs  pass  from  the  sewer  to 
the  victim  is  by  means  of  shellfish  fed  or  fattened  in  polluted  water, 
ty  of  the  oyster  and  clam  beds  of  the  eastern  seaboard  are 
to  pollution  by  sewage.    In  England  conditions  an*  so 
the  demand  for  shellfish  has  perceptibly  decreased* 
Thm  situation  presents  obvious  difficulties.    The  water  of  a  polluted 
fiver  may  be  rendered  potable  through  filtration,  but  the  purification 
of  shellfish  seems  to  be  out  of  the  question;  it  follows,  therefore,  that 
bsahh  must  be  safeguards!  either  by  preventing  the  discharge  of  the 
bertcria  of  sewage  on  shellfish  beds  or  by  prohibiting  the  taking  of 
the  shellfish     In  a  large  community  where  the  shellfish  industry 
m  small  it  will  probably  be  more  satisfactory  to  adopt  the  latter 
,  but  in  *mall  roiiimumtici  whn*e  sewage  |>olhites  large  ami 
i  beds  thorough  bacterial  purification  is  not  an  unreason- 
Unfortunately  the  greatest  shellfish  areas  of  the 
are  situated  near  large  cities,  where  they  are  subject  directly 
or  indirectly  to  possible  pollution  from  sewage  discharge. 

Id  *  carefully  prepared  paper  on  the  pollution  of  shellfish  beds, 
0.  W.  Fuller4  states  that  the  annual  crop  of  oysters  gathered  along 
the  Atlantic  and  Gulf  coasts  in  1002  amounted  to  more  than 
2*^)00,000  bushels,  exceeding  in  value  $13,000,000,  and  that  the 
crup of  claim  was  more  than  2,000,000  bushels,  valued  at  $2,000,000. 
♦  -half  of  this  total  production  came  from  New  Jersey, 
,nd,  and  Virginia,  and  the  shellfish  were  grown  mainly  in  the 
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waters  of  Delaware  and  Chesapeake  bays,  which  receive  the  sewage 
from  many  large  cities.    At  present  tliis  sewage  is  so  enormously 
diluted  by  the  bay  waters  that  the  danger  of  pollution  is  in  most  \ 
places  remote,  but  it  is  present  and  ever  increasing.  1 

In  Baltimore  a  system  of  sewerage  and  sewage  disposal  is  being  ] 
planned  to  remedy  the  already  serious  pollution  of  Patapsco  River. 
In  calling  on  a  commission  of  experts  for  advice  the  sewerage  com- 
mission of  Baltimore  specified  11  that  the  effluent  proposed  to  be  j 
discharged  into  Chesapeake  Bay  or  its  tributaries  in  the  system  to  j 
be  recommended  by  the  engineers  shall  be  of  the  highest  practicable  j 
degree  of  purity.' '  °  i 

By  agreement  between  the  States  of  New  Jersey  and  Penn-  "j 
sylvania  the  condition  of  Delaware  River  has  be^n  thoroughly  j 
investigated,  and  the  pollution  of  that  stream  by  sewage  from 
Trenton,  Bordentown,  and  other  smaller  communities  in  New  Jersey, 
and  Philadelphia,  Easton,  and  other  Pennsylvania  cities,  is  pro-  , 
hibited  after  certain  specified  dates.6    The  necessity  for  protecting 
these  valuable  shellfish  beds  makes  bacterial  removal  an  essential 
feature  in  any  scheme  of  sewage  disposal  which  may  be  considered 
for  such  places. 

The  board  of  advisory  engineers  at  Baltimore  recommended  that 
the  settled  trickling-filter  effluent  be  given  a  final  treatment  on  sand 
filters.  The  cost  of  works  for  the  complete  treatment  of  75,000,000 
gallons  of  sewage  a  day  by  septic  tanks,  trickling  filters,  sedimen- 
tation basins,  and  sand  filters  was  estimated  at  $3,283,250,  of 
which  sum  SI  ,040,750,  or  over  31  per  cent,  was  for  supplementary 
treatment.  The  annual  cost  of  operation  is -expected  to  be  $115,500, 
of  which  $55,000,  or  4S  per  cent,  is  for  supplementary  treatment. 
This  gives  some  idea  of  the  cost  of  complete  bacterial  removal  by 
filtration  processes  over  and  above  the  cost  of  reasonable  organic 
purification.  In  regard  to  disinfection  b\T  chemical  means  the 
advisory  engineers  state:  "To  remove  all  bacteria  remaining  in  tbe 
settled  effluent  from  the  sprinkling  filters  by  disinfectants,  such  as 
hypochlorite  of  lime  or  of  sodium  or  sulphate  of  copper,  would  be 
prohibitively  expensive" — an  authoritative  opinion  based  on  the 
best  evidence  then  to  be  had.  Almost  no  American  data  on  chemical 
disinfection  were  available,  and  the  results  of  experiments  in 
Germany  indicated  that  such  disinfection  could  be  accomplished  only 
at  high  cost.  The  patented  processes  mainly  used  in  England  were 
also  expensive.  It  was  therefore  desirable  to  learn  just  how  effective 
disinfection  processes  could  be  made  under  conditions  in  America- 
how  much  they  would  cost,  and  what  after  effects,  objectionable  or 
otherwise,  might  follow  their  introduction. 

a  Jtejwrt  of  the.  Hoard  of  Advisory  Engineers  to  the  Scwprugi*  CummiMioii  of  Baltimore,  1906. 
f>  Rept.  Sew  Jersey  Stat©  Sew  "\as\on. 
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A  levin*  of  the  available  data  <m<i  »  >lmrt  .  \f »  i  tmcntal  irivcstiga- 
ifannadc  in  1900  nt  Boston'1  led  the  writer  to  believe  that  there  is 
value  iti  the  process  ud  that  it  might  afford  the  best  possible, 
9m  of  the  whole  problem  under  certain  conditions  common  in 
mttntry,  particularly  in  localities  where  the  shellfish  question  is 


METHODS  OP  DISINFECTION. 


CLASSIFICATION  OF  METHODS. 

Great  Britain  the  somewhat  indefinite  allusions  of  the  royal 
(amission  to  sterilization  as  a  finishing  process  in  sewage 
aroused  a  storm  of  discussion  that  resulted,  at  least,  in 
;  away  many  misconceptions.  Sterilization  processes  of  many 
have  been  investigated,  and  the  subject  has  been  freely  dis- 
For  the  following  classification  of  sterilizing  agents  and  for 
of  the  facta  noted  hem  the  writer  is  indebted  to  li ideal/  whose 
can-fully  prepared  paper  on  the  subject  discusses  its  possibilities  in  a 
thoroughly  impartial  manner.  Other  authorities  are  cited  wherever 
Except  when  otherwise  stated,  costs  are  based  on  current 
astern  markets. 

The  different  iiietluMl.H  and  substances  proposed  for  the  sterilization 
of  effluents  are  considered  in  the  following  order: 

L  & 

a  QJorioe  Mid  it*  txanprmtiuV 
(mi  Orioriaefaa, 

(I)  Hypochlorite*,  or  oxyc  hloriiW, 
(tf  Electrolytic  dtloriae  ] 
a  OmppmrnmAtu* 

1. 


other  aqpuric  mm  pound*. 
HEAT. 

The  use  of  heat  has  been  suggested  for  disinfecting  sewage.    In  his 
tefttinsmjr  haloes  the  royal  sewage  commission  E.  E.  Klein'  referred 
process  which  be  considered  practicable,  by  the  use  of 
U  ammonia  could  lie  recovered  from  the  sewage  nearly 
for  the  treatment;  but  there  is  no  record  that  this  pr 

W  LUttm  T  .  Ttm  BtmWmUm  «f  mw%f-1\U*t  *amn\*.  TWli*  (|mrU, 
tram  tbm  SaalUry  tli—i irti  Labonlarj^       4,  UML 

i tic  Jour.  H*y»l  Sanitary  taatua*.  vaa,^  m%. 


16 


DISINFECTION  OF  SEWAGB. 


has  ever  been  used  on  a  working  scale.   A  device  for  heat  interchange 
similar  to  that  employed  in  the  Forbes  sterilizer  may  possibly,  ask 
claimed,  raise  water  to  the  boiling  point  and  cool  it  again  within  5°  F*< 
of  the  initial  temperature.   With  coal  at  $3  per  ton  having  a  calorific 
value  of  10,000  British  thermal  units,  the  fuel  cost  alone  of  such  aft 
operation  would  be  about  $7  per  million  gallons  of  sewage,  llie 
ammonia  in  a  million  gallons  of  Boston  sewage,  if  in  the  form  of 
sulphate,  would  have  a  market  value  of  $20.   Whether  the  difference 
between  the  value  of  the  ammonium  sulphate  and  the  cost  of  the 
fuel  is  sufficient  to  cover  the  cost  of  operation,  including  laboc^ 
evaporation  of  the  dilute  solution,  and  all  fixed  charges  can  be  deter-" 
mined  only  by  actual  experiment,  but  the  plan  is  not  wholly  without' 
possibilities. 

LIME. 

i 

Caustic  lime  acts  only  slightly  as  a  germicide,  and  the  considerable  j 
removal  of  bacteria  that  takes  place  when  lime  is  used  as  a  precipitant. : 
in  sewage  is  undoubtedly  due  to  the  action  of  the  precipitate  itself  . 
in  dragging  down  with  it  the  bacteria  which  it  has  entangled.    Such  ' 
action  occurs  to  some  extent  in  the  precipitation  of  any  substance,  ; 
and  even  the  sedimentation  of  sewage  is  always  accompanied  by  < 
reduction  in  the  numbers  of  bacteria.   Lime  alone,  therefore,  would  j 
be  of  little  value  for  sterilizing  effluents.    Rideal  states  that  60  to  70 
grains  per  imperial  gallon  (860  to  1,000  parts  per  million)  are  inefficient 
in  sterilization.    Thresh,  however,  believes  that  lime  would  produce 
a  satisfactory  sterilization  of  effluents." 

ACIDS. 

Most  bacteria,  and  particularly  typhoid  and  cholera  germs,  are 
more  readily  destroyed  by  acids  than  by  alkalies.  Rideal,  therefore, 
considers  it  feasible  to  employ  acids  as  germicides.  He  states  that 
Stutzer  found  0.05  per  cent  acid  solutions  fatal  to  bacteria  in  twenty- 
four  hours;  that  Ivanoff  found  that  0.04  per  cent  to 0.08  per  cent  of  acid 
destroyed  the  cholera  germs  in  the  sewage  of  Berlin  and  of  Potsdam; 
that  Kitasato  found  0.08  per  cent  of  sulphuric  acid  fatal  to  typhoid 
bacilli  in  fifteen  minutes,  and  that  he  had  himself  obtained  similar 
results.  To  furnish  1 ,000,000  gallons  of  sewage  with  0.08  per  cent  of 
sulphuric  acid  requires  6,650  pounds  of  acid,  costing  approximately 
$73.  Smaller  amounts  of  acid  might  be  used,  as  it  would  be  unnec- 
essary to  kill  typhoid  germs  in  so  short  a  time  as  fifteen  minutes;  but, 
on  the  other  hand,  most  sewage  contains  a  considerable  amount  of 
free  alkali  which  must  be  neutralized  before  any  germicidal  effect  of 

«  Interim  Kept.  Royal  Sewage  Commission,  1901,  question  8917,  p.  502. 


MSTIfOr^  •  ■>    I..r^1NFF.(  THIN. 


17 


»    :  *-mMU<  obtained*    Tl  lis  process  consequently  would  seem  to 
i  Nnpractimbb  except  in  emergencies.    It  is  interesting  to  note  that 
>of  Worcwtcr,  Mass.,  contains  normally  an  average  of  0.01 
omt  of  free  sulphuric  acid,  or  half  enough  to  kill  cholera  germs  in 
ir 4 our  hams. 

OZON'K. 

has  tiecn  uaed  more  or  lew  successfully  in  <  iemwuu  ,  pnrticu- 
Weisbadcn,  for  sterilising  drinking  water.  Tliuugli  the  proc- 
i  hem  moat  favorably  commented  on  by  those  in  immediate 
of  the  investigations*  it  has  not  been  generally  regarded  as 
The  possibility  of  procuring  a  satisfactory  effluent  by 
»,  when  the  water  is  that  of  a  highly-polluted  river  is  bo* 
tk»n,  but  whether  the  process  ran  satisfactorily  treat  a  sew- 
it  of  considerable  turbidity  has  not  been  determined, 
call*  attention  to  the  fact  that  ozone  is  but  sparingly  soluble 
water*  and  on  that  account  it  might  fail  to  penetrate  the  solid 
in  the  effluent,  since  the  rate  at  which  a  dissolved  gas  will 
Ur  solid*  in  a  liquid  is  a  direct  function  of  its  solubility.  The 
of  failure  of  the  ozone  process,  however,  seems  to  be 
If  this  be  true  in  waterworks  it  is  hardly  possible  that 
timimecit  could  be  applied  to  sewage  effluents  as  an  additional 
after  purification.  Data  are  not  at  hand  for  estimating 
of  applying  ozone  treatment  to  sewage  effluents,  but  beside* 
►  rnst  of  operation  there  is  the  very  considerable  cost  of  installing 
uiarhtfien  and  towers. 


»  umaisr.  and  rrs  compounds. 


oaaatctDAL  action . 

ine  is  well  known  as  a  powerful  germicide.    As  a  bleaching 
it  acta  on  organic  coloring  matter  indirectly  by  means  of  the 
—cent  oxygen  which  it  liberates  from  the  water  in  which  it  is 
i  »fci<ic«l,  and  it  is  probable  that  it*  germicidal  action  is  similar.  In 
I  ibr  words,  chlorine  ami  ozone  owe  their  germicidal  power  to  the 
*c*  thing — nascent  oxygen.    Chlorine,  however,  has  the  advan- 
<*ps  of  being  cheap,  of  being  more  readily  soluble,  and  of  being 
in  compounds  Hint  ur«-  ru-ik   \  rm »>pori nl  nntl  handled. 

nunmvi:  flAS. 

thin  a  few  yearn  chlorine  has  been  manufactured  eommer- 
he  Weldon  or  some  similar  process.  In  the  Weldon  process 
*e  Msd  is  made  to  react  with  a  complex  mixture  iif  man- 
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ganese  hydroxide  and  lime — "Weldon  mud" — the  reaction 
essentially 

MnO,  +  4HC1  =  MnCl, + 2H,0 + CI,, 

though  in  reality  it  is  much  more  complex.    Recently!  he 
electrolytic  processes  have  been  developed,  by  which  the  cost 
manufacture  has  been  materially  reduced,  particularly  where 
water  power  is  available.   Chlorine  prepared  by  the  Twmng  of  < 
mon  salt,  an  acid,  and  a  suitable  oxidizing  agent  was  used  in 
as  early  as  1800  by  Cruikshank,  who  recommended 
dioxide  and  potassium  bichromate  as  oxidizing  agents.    The  obj« 
tions  to  the  use  of  gaseous  chlorine  are  chiefly  the  cost  of  tr 
tion,  the  difficulty  and  danger  of  handling  the  gas,  and  the  diffic 
of  measuring  accurately  the  amount  of  gas  added  to  the  efflu 
Furthermore,  in  disinfection  free  chlorine  is  not  so  efficient 
hypochlorite. 

Available  chlorine,  a  term  frequently  used  in  the  discussion 
chlorine  disinfection  methods,  is  determined  by  titrating  a  solut 
with  arsenious  acid,  or  with  some  other  reducing  agent,  and 
represents  in  reality  the  oxidizing  power  of  the  substance  expr 
in  terms  of  chlorine.    For  example,  hypochlorous  acid  in  the 
encc  of  a  reducing  agent  is  decomposed  according  to  the  folk 
equation : 

IICIO-IICI  +  O. 

The  oxidizing  power  of  this  acid,  or  the  available  chlorine,  is,  there- 
fore, two  hydrogen  equivalents  per  molecule,  which  is  twice  its  total 
chlorine  content,  a  fact  that  makes  the  term  available  chlorine  a 
misnomer,  but  it  has  come  into  general  use  in  the  chlorine  industries 
and  it  is  a  convenient  expression.  In  this  article  it  signifies  oxidizing 
power,  determined  against  arsenious  acid,  and  expressed  in  terms  of 
chlorine. 

HYPOCHLORITES. 

Use  in  disinfection. — Chlorine  is  handled  commercially  in  the  fonn 
of  bleaching  pow  der,  or  chloride  of  lime — an  impure  product  com- 
posed largely  of  calcium  hypochlorite.  Bleaching  powder  or  "  bleach" 
containing  from  35  per  cent  to  40  per  cent  of  available  chlorine  can 
be  obtained  in  the  market.  The  hypochlorite  dissolves  in  water, 
leaving  a  residue  composed  cluefly  of  calcium  hydrate  and  calcium 
carbonate.  Hypochlorites  in  general  are  made  by  adding  chlorine 
to  caustic  alkalies.  Bleaching  powder  is  made  by  passing  dry  chlo- 
rine gas  over  freshly-slaked  lime.  It  is  manufactured  in  this  country 
in  large  amounts,  tho:  chlorine  being  obtained  by  the  electrolysis  of 
salt.    Abroad  the  chlorine  is  made  by  the  older  methods,  and  much  j 
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jMii^n  bleach  is  sold  in  this  country  in  competition  with  the  elect  ro- 
r  product.  MEau  de  Javellef*  and  14 Labarraque'a  solution"  are 
itinoa  of  sodium  hypochlorite.  "Chloros,"  a  comnicn  in  I  prepara- 
i  of  tw^fant  hypochlorite,  contains  10  per  cent  by  weight  of  avail* 
i  chlorine, 

Jvpochlorite*  have  long  been  recognized  as  powerful  and  efficient 
1 1  Aoofeeiaata.    The  sodium  and  potassium  compounds  have  not  been 
iDj  used  on  a  large  scale  because  of  their  relatively  high  coat 
he  difficulty  of  preparing  and  keeping  them  in  the  dry  stale, 
alcium  hypochlorite  has  been  extensively  employed.    The  first 
1  Sewage  CommiaRion  of  Great  Britain  used  it  in  deodorizing 
on  sewage  in  1854.*   The  committee  of  188*5  of  the  American 
r  Health  Association  found  it  to  be  the  best  disinfectant  availa- 
lbf  coat  and  efficiency  considered.    It  was  used  by  Dibdin  k  in  1884 
deodorise  the  sewage  of  London,  but  it  was  not  successful  for  that 
and         later  almn<l«»nr«J  in  fuv*»r  <>f    ^ i i m tii  pe  mm  tilth  mite, 
n  cm  specific  bacteria  was  studied  by  Nissen  •  in  1890.  The 
of  bleaching  powder  an  a  sewage  disinfectant  has  been  more 
vely  studied  in  Germany  than  elsewhere.    At  the  Hygienic 
ute  of  Hamburg  investigations  have  been  made  by  Froskauer 
rv  Dunbar  and  Zirn,  Dunbar  and  Korn,  Schumacher,  and 
At  the  Royal  Testing  Station  in  Berlin,  Kranepuld  and 
Kttrpjnweit  have  each  reported  investigations. 

.  —  I'mskauer  and   KUner  4  experimented  at 
which  hail  lieen  clarified  by  the  Rothe-Degener 
obtained  satisfactory  disinfection  with  chloride  of 
concentrations  of  chlorine  ranging  from  2.7  to  4.0  parts 
and  ten  minute*  exposure  sufficed  practically  to  eliminate 
Dunbar  anil  Zirn*  treated  crude  sewage  and,  in  common 
r  wurkera,  they  impoacd  much  more  exacting  standards  of 
m  and  used  much  greater  concentrations  of  chlorine, 
having  employed  cholera  germ*  as  test  organisms,  they  con- 
that  the  aatiafactory  disinfection  of  crude  Hamburg  sewage 
require  25  parta  per  million  of  available  chlorine  and  an  exposure 
two  hour-.    Dunbar  and  Korn  r  studied  t li*-  disinfection  of  crude 
with  special  reference  to  its  subsequent  purification  on  bio- 
til  ten*    Schumacher'  investigated  the  problem  of  disinfecting 
hopital aewagwi  that  had  not  received  any  previous  treatment.    In  a 
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preliminary  set  of  bottle  experiments  he  obtained  the  foil 
results  with  the  sewages  of  three  hospitals. 

Table  3. — Disinfection  of  three  crude  hospital  sewage*  with  chloride  of  Hme. 

[Schumacher.] 


Concentration  of  chloride  of  lime. 


Hours  of 
contact. 


Bacteria  per  cubic  centtzatter. 


tent: 


After  treat- 
ment. 


1 : 7,000  - 

1  : 15,000  < 

1 : 2,000  j 

1:1,000  


140 
200 
lfO 
60 
100 
120 
30 
80 
20 
20 
00 
120 
40 


Initial  eon- 


After  treat- 


100 
20 


40 


After* 


The  amount  of  available  chlorine  in  the  chloride  of  lime  used  iar 
these  experiments  is  not  stated,  but  it  was  probably  not  far  from  3fr 
per  cent.  On  that  assumption  the  concentration  of  available  chlorine 
in  the  four  sets  of  tests  would  be  43,  60,  150,  and  300  parts  per  million, 
respectively.  The  high  initial  numbers  indicate  a  very  strong  sewage. 
It  is  also  worthy  of  note  that  the  reduction  in  the  number  of  bacteria 
with  only  43  parts  of  chlorine  is  much  greater  than  would  be  demanded 
in  ordinary  practice.  Disinfection  on  a  large  scale  was  also  conducted 
by  the  same  invest  igat  or  at  two  hospitals.  After  a  storage  period  of 
t  wo  hours  samples  of  one  liter  each  were  tested  for  B.  coli.  With  a 
concentration  of  1 :  2,000,  or  about  150  parts  per  million  of  available 
chlorine,  li.  coli  was  isolated  from  a  liter  of  water  in  only  6  samples 
out  of  43,  not  l>eing  found  in  88  per  cent  of  the  samples  tested.  With 
chloride  of  lime  in  the  proportion  of  1 : 5,000,  or  about  60  parts  per 
million  of  available  chlorine,  B.  coli  was  destroyed  in  62  per  cent  of  the 
samples  in  two  hours  and  in  64  per  cent  of  the  samples  in  four  hours. 
Schwarz  °  called  attention  to  the  fact  that  excessive  amounts  of 
disinfectant  are  necessary  on  account  of  the  large  floating  particles,  a 
point  previously  commented  on  by  Schumacher.  Schwarz  proposed, 
therefore,  that  all  sewage  should  be  carefully  screened  before  disin- 
fection in  order  to  remove  particles  exceeding  three  millimetere  in 
diameter.  The  screening  of  hospital  sewage  should  be  even  more 
complete,  removing  particles  exceeding  one  millimeter  in  diameter. 


•  Oca.  Inc.,  vol. »,  i*R,  v>  T73. 
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;  experiment  at  the  Eppendorfer  purification  works,  a  sewage 
<»f  about  60.000  United  States  gallons  a  day  was  available,  and  a 
holding  about  four  houra*  flow  was  used.    As  information  was 
desired  regarding  the  effect  of  the  treatment  on  the  cholera 
emulsion  of  another  vibrio  ( Letichtvibrionen)  was  added  to 
at  a  regular  rate  liefore  treatment,  after  it  had  Ijeon  deter- 
that  this  teal  organism  would  not  only  pass  through  the  tank 
would  persist  for  dava  in  the  filters.    Table  4  summarizes  the 

t  i  -t^mrtfttfion  ttf  ike  crude  acrttntd  tewtge  of  Eppendorfer,  Germany,  with  diLo- 

ride  of  time. 
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waa  noted  that  a  concentration  of  chloride  of  lime  of  1:  2.000 
affected  the  subsequent  treatment  of  the  disinfected 
in  trickling  filters.  Oxygen  consumed  and  ammonia  in  the 
higher  and  nitrates  lower  than  normal.  An  interesting 
the  production  of  chlorates  in  the  filter,  over  1(1  parts 
being  recorded  at  one  time.  Schwarz  concluded  that 
can  be  aatirfaetnrily  disinfected  with  chloride  of  lime  after 
■ring  been  carefully  passed  through  one  millimeter  mesh  screens, 
part  in  5,000  {00  parts  per  million  of  available  chlorine)  was 
■ary  for  the  destruction  of  typhoid  germs  and  from 
mm  pari  in  7,000  to  one  part  in  10,000  (30  to  40  parts  of  available 
i)  for  cholera  vibrio.  The  disinfected  sewage  can  be  sub- 
purified  aithout  preum^  neutralization  of  the  disinfectant. 
mprrimerit*.—  At  the  royal  testing  station  in  Berlin  the 
«ft£act  of  aewage  disinfection  has  been  studio]  by  Kranepuhl"  and 
Igr  Kurpjuweit.  *  Kranepuhl  undertook  to  determine  the  conceittra* 
tins  of  chloride  of  lime  and  the  time  of  contact  necessary  to  destroy 
the  colon  bacilli  in  crude  Berlin  sewage.    These  bacilli  numbered 
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about  100,000  per  cubic  centimeter.  They  were  considered  an 
index  of  the  pathogenicity  of  the  sewage,  because  they  are  mors 
numerous  and  more  resistant  than  the  pathogenic  forms.  The 
bleaching  powder  employed  contained  available  chlorine  ranging 
from  25  to  35  per  cent.  One  liter  samples  of  sewage  were  treated 
with  the  desired  amounts  of  chloride  of  lime,  and  at  the  expiration 
of  the  specified  time  the  remaining  available  chlorine  was  deter 
mined  and  was  then  neutralized  with  sterile  sodium  thiosulphate. 
Nutrient  broth  was  then  added  to  the  entire  liter  sample,  after  whid^ 
the  sample  was  incubated.  B.  ccli  was  sought  in  the  incubated1 
sample  by  the  usual  means,  and  confirmatory  tests  for  it  were  made. 

Kranepuhl's  results  are  summarized  in  Table  5,  in  which  positive 
tests  mean  that  B.  coli  was  found  in  1  liter. 

Table  5. — Disinfection  of  crude  Berlin  sewage  with  chloride  of  lime. 
[Kranepuhl.] 
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Kurpjuweita  studied  the  penetration  of  solid  particles  by  the  dis- 
infectant. Tie  made  test  cubes  of  gelatine  having  a  volume  of  about 
10  cubic  centimeters,  which  he  immersed  in  solutions  of  chloride  of 
lime  for  definite  times,  then  removed  and  melted  in  warm  water, 
after  which  he  determined  the  available  chlorine.  He  found  the 
amount  of  available  chlorine  to  be  a  regular  function  of  the  time  of 
exposure  and  of  the  concentration  of  the  solution.  The  most  striking 
fact  noted  was  the  small  quantity  of  chlorine  actually  absorbed. 
For  instance,  a  cube  that  had  been  immersed  for  ninety  hours  gave 
a  mean  concentration  of  chlorine  within  its  own  volume  equal  to 
but  1  per  cent  of  the  concentration  of  the  solution.  There  was  also 
shown  to  be  a  chemical  combination  between  the  chlorine  and  the 
gelatine.  In  order  to  determine  whether  such  chlorine  was  active 
in  disinfection  before  it  became  combined,  similar  gelatine  cubes, 
inoculated  with  B.  coli  before  setting,  were  immersed  for  two  hours 
in  solutions  containing  from  60  to  3,000  parts  per  million  of  available 
chlorine.    The  results  in  Table  6  were  obtained. 

•Vac.  e\t. 
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Tlie  value  of  these  results  in  practical  work  is  problematic  for  several 
ins.  The  cubes  employed  are  much  larger  than  the  particles  that 
KHjId  l»e  in  any  sewage  to  he  disinfected,  and  the  character  of  the 
iterial  is  still  more  significant,  localise  cubes  of  solid  gelatine  do 
tit  represent  in  any  way  the  porous,  scmLsoluhlc  masses  that  occur 
sewage.  The  question  of  penetration  is  an  important  one,  and 
there  can  Iw  no  doubt  that  the  practical  efficiency  of  disinfection 
processes  is  limited  by  the  ability  of  the  disinfectant  to  penetrate 
lUnall,  iMiltii  particles  that  may  l>c  in  the  sewage.  This  point  has 
l»*en  illustrated  in  a  practical  manner  by  Kurpjuweit/s  experiments. 
Four  samples  of  crude  sewage  wen*  screened  through  sieves  having 
op^ninirs  2,  5T  7,  and  10  millimeters  in  diameter,  respectively .  Kour 
ons  of  each  of  the  filtrates  thus  obtained  wen*  then  treated  with 
de  of  lime,  so  proportioned  that  the  available  chlorine  was  loO, 
600,  and  ifiOO  parts  per  million,  respectively.  In  the  sewage 
that  was  screened  through  a  -'-millimeter  mesh,  I, "in  parts  per  million 
*»f  available  chlorine  destroyed  all  tin*  />.  colt  in  four  separate  liter 
Mjnple*.  while  the  same  concentration  of  chlorine  destroyed  ihe  H 
in  only  n  out  of  K  liter  samples  screened  through  th-'  H  i- millimeter 
Indeed,  3,000  parts  of  available  ehloiine  were  required  to 
ve  completely  the  H,  mil  in  the  samples  screened  through  the 
lo-nnllimelcr  nielli. 
It  should  be  noted  that  t lie  invest igators  at  Hamburg  anil  at  Berlin 
i*alt  wholly  with  crude  sewage.  Kven  w  hen  purification  plants  are 
in  operation  the  disinfection  is  invariably  applied  first,  No  good 
Ka*on  for  this  procedure  is  obvious,  unless  ji  js  thai  preliminary  sedi- 
mentation tanks  are  available  and  supplement ar\  tanks  tire  imt  In 
Germany  the  method  of  operation  is  possibly  justified  by  the  fact 
Uiat  the  processes  are  being  studied  in  order  that  they  may  lie  adopted 
far  temporary  uae  during  epidemics,  am!  it  is  not  proposed  to  practice 
djMnfect  ion  regularly  The  expense  of  treating  crude  sewage,  how- 
*n*T,  i*  at  least  twice  that  of  t mating  a  wtdbpurified  filter  effluent, 
rerv  high  standards  thaf  have  been  established  fur  this  work  i 
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also  of  interest.  It  is  proposed  so  to  treat  a  sewage  containing  o 
100,000  B.  coli  per  cubic  centimeter  that  the  number  of  that  kind 
bacillus  will  be  reduced  to  less  than  one  in  a  liter.  The  result 
hardly  be  expressed  in  per  cent  purification,  and  it  is  proper  to  inqui 
why  such  severe  standards  are  employed.  If  the  number  of  col 
bacilli  were  reduced  even  to  one  per  cubic  centimeter,  it  would 
a  reduction  of  99.999  per  cent.  It  may  safely  be  inferred  that 
number  of  typhoid  and  cholera  germs  would  be  reduced  in  about 
same  ratio,  and  furthermore  that  the  number  of  typhoid  and  chol 
cases  due  to  the  discharge  of  this  sewage  would  be  similarly  dec] 
In  other  words,  if  such  disinfection  were  generally  adopted,  99, 
cases  of  disease  out  of  every  100,000,  which  are  due,  directly  or 
rectly,  to  sewage  pollution,  would  be  eliminated.  Such  red 
would  seem  to  be  very  satisfactory,  and  yet  it  is  proposed  to 
this  a  thousand  fold  by  insisting  on  an  elimination  of  the 
bacilli  from  1-liter  samples,  thus  making  the  cost  so  great  that 
practically  prohibits  the  use  of  the  process,  except  for  short 
during  serious  epidemics.  It  is  well  worth  considering  whether  a  col- 
tinuous  removal  of  99  per  cent  of  the  disease  germs  is  not  a  bettor 
safeguard  of  the  public  health  than  an  occasional  complete  remonl 
during  epidemics. 

Experiments  at  Bengal,  India. — The  government  of  Bengal,"  in  1904, 
appointed  a  commission  to  report  on  the  pollution  of  Hooghly  River  ^ 
by  the  effluents  of  septic  tanks.  Though  the  commission  decided 
that  the  physical  and  chemical  pollution  of  the  river  by  the  effluents 
was  improbable,  as  sufficient  dilution  took  place  at  all  seasons  to  pre- 
vent any  nuisance,  bacterial  purification  of  the  effluents  was  deemed  1 
advisable.  Experimental  sand  filters  and  copper  sulphate  disinfec- 
tion satisfactorily  removed  the  germs,  but  substitution  of  chloride 
of  lime  for  the  copper  salt  accomplished  the  same  result  at  much  less 
expense. 

A  septic  tank  installed  near  Calcutta  was  connected  with  * 
public  latrine  serving  about  2,000  persons.  From  400  gallons  to 
2,500  gallons  of  septic-tank  effluent  were  daily  treated  with  various 
amounts  of  chloride  of  lime,  the  available  chlorine  in  which  ranged 
from  20  to  00  parts  per  million.  The  numbers  of  bacteria  initially 
present  were  not  determined,  but  the  final  numbers  are  sufficiently 
low  to  indicate  a  satisfactory  treatment.  Furthermore,  it  wis 
shown  that  increasing  the  concentration  of  the  chlorine  beyond  s 
certain  limit  has  very  little  effect  on  the  residual  bacteria.  The 
results  of  this  work  are  summarized  in  Table  7. 


«  Indian  government  resolution  on  the  working  of  septic  tanks.  Calcutta,  January  6, 1 
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trait  in  OJUo.— In  1907  the  Ohio  State  Board  of  Health 
the  disinfection  of  sewage  effluents  in  cooperation  with  the 
ti  of  Plant  Industry  of  the  United  State*  Department  of  Agri- 
The  remits,  reported  by  Kellerman,  Pratt,  and  Kimberly  * 
in  part  to  the  use  of  chloride  of  lime.    The  average  results  of 
of  testa  made  frith  this  disinfectant  are  summarized  in 

a. — iHmn/frimm  of  tftucnU  trUh  rhlornie  of  /«W  ttt  lAtt$ra*trr  and  at  Marion, 

Ohio. 
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Each  series  represents  a  three-day  test*  during  which  18  samples 
examined  in  duplicate.  Series  A  was  made  on  tin*  effluent  of  tt 
*aod  filter  at  the  Boys'  Industrial  School,  Lancaster,  and  Series  Rt 
C* and  D  on  the  aand-fdter  effluent,  coutact-fdter  effluent,  and  septic* 
tank  tflwmt,  respectively,  at  Marion,  Ohio.  A  subsequent  study  of 
the  pMijhtUtiefiof  treating  the  septic  tank  efRuent  at  Marion  led  the 
aotboro  U>  conclude  that  satisfactory  disinfection  could  he  accom- 
plished by  the  urns  of  sufficient  bleaching  powder  to  give  25  jmrts 
m  of  available  chlorine* 


tucmutTTir  tutxxuxi  rnocwm*** 


fuanufnriurt  W  chloritu.  —When  an  electric  current  under 
-f  not        than  2.5  volts  is  passed  through  a  solution  of 
f  calcium  or  magnesium  chloride,  chlorine  gas  appear* 


W..M4  aawwir.  A.  tL.Tb** 


26 


DISINFECTION  OF  8EWA6&. 


at  one  electrode  and  sodium  hydroxide  or  the  corresponding  albH 
at  the  other.  In  the  electrolytic  manufacture  of  chlorine  the  prod* 
ucts  of  the  dissociation  are  kept  apart  and  are  removed  from  theed 
as  quickly  an  possible,  for  if  they  are  allowed  to  come  together  apfc. 
they  immediately  unite  and  form  a  hypochlorite.  This  method  cf 
manufacturing  hypochlorites  has  been  employed  in  many  of  tb 
Mo-called  "electrolytic  disinfection  processes." 

The  Webster  jtrocess. — One  of  the  earliest  electrolytic  treatment! 
wiiM  devised  by  Webster  over  twenty  years  ago,  when,  in  1889,  he, 
installed  an  experimental  electrolytic  plant  at  Crossness,  England,  to 
treat  Ixmdon  sewage.0  In  his  process  crude  sewage  flowed  between 
iron  electrodes  placed  in  long  troughs,  and  an  electric  current  wn 
passed  from  one  electrode  to  the  other  at  a  tension  of  only  two  vote 
and  a  current  density  of  0.9  ampere  per  square  foot  of  electrode,  ft 
was  estimated  that  the  treatment  of  1,000,000  gallons  of  crude  swk 
age  required  the  consumption  of  240  pounds  of  iron  and  450  kflom& 
hours  of  electricity!  Sedimentation  followed  the  electrical  treatmeet, .; 
and  a  large  amount  of  material  was  removed.  In  fact  the  proem 
was  virtually  one  of  chemical  precipitation,  the  iron  dissolved  from 
the  electrode  being  first  converted  into  hypochlorite,  or  other  salt, 
and  then  being  decomposed  by  the  alkali  present  and  precipitated. 
The  solution  of  iron  at  the  positive  pole  allowed  the  electrolytic 
reaction  to  proceed  at  a  lower  voltage  than  that  required  to  liberate 
free  chlorine.  The  results  shown  in  Table  9  are  the  averages  of  20 
analyses,  and  they  indicate  the  degree  of  purification  obtained  ty 
the  Webster  process. 

Tahlk  U.    Analyses  of  London  mirage  he/on-  and  after  treatment  by  the  Webster  proceu. 


Suspended  solids  

KllroiM'ii  us  ftw  uiiituoniu. 
Allmn.lnold  ammonia.. . 
Oxygm  consumed  


Parts  per  million. 
Initial.  Final. 


333.5 
43.4 
6.0 
12.4 


IS.* 
32-3 
2.0 
4.1 


Though  the  process  was  originally  conducted  as  a  chemical  pre- 
cipitation, credit  is  due  Webster  for  first  pointing  out  the  disinfecting 
value  of  the  hypochlorites  that  are  formed.  T.  M.  Drown,6  comment- 
ing on  the  process,  observed  that  the  American  Public  Health  Asso- 
ciation recognized  the  value  of  hypochlorites  as  early  as  1888,  and 
that  their  electrolytic  manufacture  was  nothing  new.  Nevertheless 
its  application  to  sewage  was  new  and  gave  promise  of  suocess. 

a  The  Engineer,  London,  vol.  67, 1889,  p.  261:  also  Eng.  News,  vol.  21,  1889,  p. 338;  voL  22, 1S89,  p.8& 
''Jour.  Now  England  Waterworks  Assoc.,  voL  8,  1894,  p.  135;  also  Eng.  News,  vol.  31,  IBM,  p. 91. 
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iter  paper  before  the  British  Medical  Association*  Webster 
nation  to  the  possibilities  of  electrolysing  sea  water  and  thus 
laid  the  foundation  for  the  many  Inter  processes  that  an*  based  on  that 
principle.  A  plant  was  later  installed  at  Bradford,  England,  and  in 
1890  Dortor  MtLintock  stated  that  70  per  rent  of  (he  putreseiblo 
'►ryunir  matter  of  the  sewage  had  been  removed .& 

Fermi/  after  having  investigated  the  process  at  the  hygienic 
institute  at  Munich,  concluded  that  the  process  is  one  of  chemical 
precipitation  and  that  it  is  more  expensive  than  the  lime  process, 
toil  similar  conclusions  were  reached  by  Konig  and  Kcrnele.'1 

The  Wool/  process — Electrozont. — Woolfs  process  differed  from 
Webaiera  in  that  strong  brine  was  electrolysed,  and  the  resultant 
H5  and  caustic  soda  were  allowed  to  reeombine  to  form  sodium 
rhlorite.  The  hypochlorite  solution  was  then  added  to  the 
•e*ipp  or  water  to  be  treated.  In  the  spring  of  IStKi  a  plant  of  this 
was  installed  under  the  direction  of  the  health  department  of 
York  City  for  treating  the  sewage  of  about  M  dwellings  at 
Rn-w*tert  S.  Y*/  a  village  situated  on  a  small  stream,  the  waters 
of  which  discharge  into  Croton  Lake.  The  experiment  was  con- 
toured no  successful  that  the  health  department  installed  a  similar 
plant  at  the  amine  place  l»>  di^-linrge  h\  ]«k  hlorite  solution  into  Ton- 
fiftta  Oeck.'  Sixteen  hundred  pounds  of  salt  per  million  gallons 
of  wwage  were  used,  and  the  plant  required  an  electric  current  of  7on 
amperes  at  5  Volts  tension.  This  seems  to  have  been  tin*  first  plant 
d  for  the  specific  purpose  of  destroying  bacteria;  before 
lime  the  removal  of  organic  matter  had  been  the  aim  An 
Hrrtrnzone  plant  installed  at  Maidenhead,  England,  in  I.VJ7,  was 
d  by  Rideal,  Koldtison.  and  Kant  hack  in  The  bac- 

action  was  marked  and  the  diluent  uns  f»mn<l  to  contain 
but  few  bacteria;  (his  plant  was  not,  Itowever,  continued  c  in  opera- 
U*i0-  At  Havana,  Cuba,  the  Woo  If  process  was  employed  for  pre- 
a  disinfectant  solution  to  be  used  for  treating  the  *t  recta  and 
thr  harbor. 

The  Hermit*  ;wcf#*,--The  Hcrmite  system  differs  fn-m  t  I \V..u|f 
pm  only  in  minor  details.    In  reports  on  the  proem  great  at  re** 
laid  »  n  the  presence  of  magnesium  hypochlorite  in  the  elect roly zed 
iitiont  and  there  is  much  evidence  that  magnesium  hypochlorite, 
probably  to  its  lesser  stability,  i>  a  more  acti\e  a<reni  thiiii 
•■lb*r  hypochlorite*.    In  later  years  thw  same  fact       been  >.I>m  ned 

•  Knc  N«».  rol  23,  1M*»  p  CM* 

•  BUI.  M*&  low  .  roi.  3.  in,  p.  <v» 

•  Awh-  f  Jlv*  .  vol  IT  l*»l  p  *J7. 

•  Awh  I  H>f  .  rol  7K  1*7,  p  lift 

•  Enc  S+wtt  **L  m\  inn,  p  ii 

'        R«nt,  rvt  ft,  J «M(  p  no;  >:k*  Ko* ,  **k  U,  MM,  p.  101 
t  UUkml,  *  .  8*m*c*  mi  iu  iHiftQcatimt.  a«l  i*» ,  N*w  York.  lwt  y  ^ 


28 

ami  it        btm  the  basis  of  fanciful  claims  for  patent  oil  p 

whose  owners  have  invoked  hypothetical  oxides  of  chlorine  to 
the  ivsuiis,  A  commission  appointed  by  the  London  Lancci 
investigate  the  Hermite  process  found  that  the  solution  obtained 
similar  to  ordinary  hypochlorite"  in  its  chemical  properties,  A  pL 
installed  lit  Worthing  England,  ws*s  investigated  in  1894  by,  Kelly,* 
who  repen  ted  that  the  hypochlorite  solution  contained  from  0.22  to 
0.75  pram  per  liter  of  available  chlorine.  The  claim  made  for  this 
[sohhnn  Ihnl  mixed  willi  rqind  parts  of  sewage  It  would  instil 
kill  all  germs — was  not  substantiated,  A  plant  employing 
Hermite  process,  established  at  Havre,  France,  in  185)3,  was  un- 
gated by  a  commission  appointed  by  the  imperial  board  of  heal 
of  Germany  and  by  one  sent  from  Paris  by  the  council  of  hygiene, 
and  both  bodies  reported  adversely.  Other  Hermite  plants  were* 
installed  at  various  places,  but  were  finally  abandoned.  At  Poplar, 
England,  the  Hermite  solution  is  prepared  on  a  large  scale,  and  it  " 
used  for  general  disinfecting  purposes  as  well  as  for  street  watering. 

Thr  oftjrhhride  process.— The  oxychloride  process  differs  from 
Hermite  uml  Woolf  processes  only  in  matter's  of  detail  in  the 
truly lie  cell.  Greater  efficiency  than  the  older  processes  in  the  pro- 
duriiufi  of  bypoc ddorites  is  claimed  for  it  At  Guilford,  Engl 
R  ideal  made  a  test  of  the  effect  of  oxychloride  treatment  on  raw  i 
septic  sewages  and  on  effluents  of  primary,  secondary,  and  tertiary 
contact  beds.  The  summary  of  his  results  given  in  Table  10  shows 
what  was  accomplished.  The  results,  especially  in  respect  to  the* 
removal  of  B.  coli,  are  all  that  can  be  desired. 


Tahlr  10. 


of  ftid&tV*  crprnmmlt  on  the  imc  of  oiyclilorid*  at 

England. 
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filiations  of  the  few  organisms  remaining  in  the  sewa^s  and 
luents  after  treatment  showed  them  to  be  largely  organisms  of 
hay  bacillus  group — aerobic  spore-forming  bacteria  which  are 
probably  beneficial  in  the  further  oxidation  of  the  organic  matter, 
lute  sterilization  required  very  high  concentration  of  chlorine. 

COPPER  AND  H\S  COMPOUNDS. 

Moore  and  Kellerman,  in  191)4,  suggested  that  copper  sulphate  ho 
in  water  sterilization. "    Since  that  time  a  great  fleal  of  experi- 
il  work  has  been  done,  mainly  in  connection  with  water  The 
important  experiments,  with  sewage  will  he  outlined. 
Johnson  and  Copeland  b  at  Columbus,  Ohio,  in  I*i04,  in  their  work 
aith  trickling  filter  effluents,  obtained  the  results  given  in  Table  IK 

T*n*  11  —  friiinfretion  of  trickling  ftltrr  fjflumt*  uifh  rtjpptr  wulphatt  at  Cotumbu*, 
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Tliey  found  the  actum  of  copper  sulphate  fo  be  most  rapid  during 
tbr  first  hour  They  estimate  the  cost  for  chemicals  alone  af  *.i  per 
million  gallons  of  effluent  treated  with  in  parts  per  million  of  copper 
phate,  and  $10  if  treated  with  20  parts  per  million— an  expense 
h  they  consider  prohibitive 
The  use  of  copper  sulphate  as  a  disinfectant  was  more  thoroughly 
&T«*tigat«*d  by  Johnson  at  Columbus  in  IIMtf,1  KxperimenU  waft 
with  crude  sewage,  and  with  effluents  from  trickling,  contact, 
*atid  filters.  The  effect  of  (cmperat ore,  of  organic  matter,  and 
■*f  alkalinity  on  the  efficient  y  of  t In-  process  were  determined  and 
<dal»tudi<*  wen*  also  made  to  determine  ihe  etTeel  of  (he  treatment 
eoton  and  typhoid  organism:-.  Tlic  prini-ipal  result*  with  the 
'thou*  newage*  treated  are  summarised  iu  Table  J  _\ 
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Table  12.—  Result*  of  disinfection  of  wncoge  and  ejimenta  with  copper  tulpkate  at  Oohtw*- 
bu*.  Ohio;  total  number  of  bacteria  remaining  after  contact  perwat  of  one  hour  and  of 
three  hourt*  * 
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1  hoar. 
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1,000 
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1,000 
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700 

2.100 
1,200 
3,500 
7,500 

230 
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6,599 
13.999 
20,099 

1,900 

2,690 
5,000 

20 
10 

14,000 

1,900 
4,500 

690 
I,  SCO 

•Series  A.  Crode  sewage;  Initial  number   1,200,000 

B.  Effluent  ofiprinkUnc  filter   1,000,000 

C.  Effluent  of  contact  filter   400,000 

I>.  Effluent  of  «uxi  filter   299,090 

Each  9eries  ia  the  average  of  from  three  to  five  sets  of  tests. 

linger  periods  of  contact  up  to  twenty-four:  hours  gr.ve  results  of 
no  additional  significance,  except  that  when  the  lower  concentrations 
of  copper  were  used  the  number  of  bacteria  showed  a  decided  increase 
after  about  the  third  hour,  an  indication  that  the  copper  was  removed 
from  solution,  probably  by  combination  either  with  the  organic  mat- 
ter or  with  carbonic  acid.  Subsequent  increase  in  number  of  bac- 
teria is  a  phenomenon  of  frequent  occurrence  in  disinfection  work. 
It  is  in  fact  neither  possible  nor  desirable  to  prevent  perpetually  the 
feeding  of  bacteria  on  the  organic  matter  of  the  disinfected  effluents. 
The  significant  fact  in  Johnson's  tests  is  that  the  bacteria  originally 
present  were  practically  eliminated,  and  it  may  safely  be  assumed 
that  under  conditions  existing  in  a  stream  there  would  be  no  multi- 
plication of  the  typhoid  or  other  pathogenic  bacteria. 

Two  important  facts  were  brought  out  in  this  study.  The  disin- 
fection obtained  with  100  parts  per  million  of  copper  sulphate  is,  for 
practical  purposes,  but  little  better  than  that  obtained  with  10  parts, 
and  results  obtained  in  a  one-hour  contact  are  practically  as  good  as 
those  obtained  in  a  three-hour  contact.  Johnson's  work  was  done  at 
summer  temperature,  and  in  order  to  determine  the  effect  of  tem- 
perature on  the  germicidal  action  parallel  experiments  were  con- 
ducted at  5°  and  at  20°  C.  It  was  found  in  general  that  a  result 
w  hich  could  be  obtained  at  the  higher  temperature  in  thirty  minutes 
would  be  attained  at  the  lower  temperature  in  about  three  hours. 
This  is  a  point  that  has  usually  been  overlooked,  and  it  is  of  special 
significance  in  practical  operation,  as  effluents  in  the  northern  lati- 
tudes would  have  a  temperature  of  about  5°  C.  during  much  of  the 
year.  It  is  interesting  to  note  that  temperature  has  little  effect  on 
the  germicidal  efficiency  of  hypochlorites. 
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TV  combined  effect  of  organic  mailer  and  alkaliniix  was  deter- 
by  treating  the  undiluted  effluent  and  the  same  elfluent  after 
diluted  1  to  1  and  1  to  2  with  tap  water.    The  effect  was 
ledJy  noticeable  in  the  weaker  concentrations  of  copper  sulphate, 
much  leas  so  where  the  concentrations  of  copper  were  excessive, 
result*  with  10  parts  of  copper  sulphate  |>er  million  art*  summa- 
rized in  Table  13. 
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The  efficiency  nf  copper  sulphate  as  a  disinfectant  was  investigated 
in  1906  at  the  Sanitary  Research  Laboratory  of  the  Massachusetts 
Institute  of  Technology  by  treating  the  diluent  from  an  N-foot  trick- 
ling filter.  Table  14  gives  the  average  results  divided  into  two 
periods  to  show  the  effect  of  temperature  of  the  effluent.  At  the 
of  the  tesU*  a  composite  sample  of  the  sediment  drawn 
the  sedimentation  tank  during  the  experiment  was  analyzed, 
copper  contained  in  the  sediment  accounted  very  closely  for  the 
amount  of  copper  added,  a  fact  that  makes  it  apparent  that 
copper  left  the  tank  in  soluble  form, 

t  H     t*isinfcetion  nf  trickling  filter  effluent  trtth  copper  *utphat*  'it  ftnxtnu.  Max*  , 

average  result* 
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work  of  Kellenuan,  Pratt,  and  Kiinberly  in  Oiiio  during  tbo 
of  I9W  7  ron»i«tied  mainly  of  experiments  with  cooper  mil- 
es a  disinfect  ant.    Their  investigations,  probably  the  most 
comprehensive  ever  made  with  copper  sulphate,  were  conducted  undftR 
dual  working  conditions  and  with  several  kuuls  ol  eWVwcnX,  *\W 
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chemical  composition  of  the  water,  particularly  in  regard  to  its  hard- 
ening constituents,  was  found  to  exert  an  important  influence  on  the 
results.  Their  original  paper0  on  the  subject  contains  complete 
chemical  analyses  of  the  effluents  treated.  Table  15,  containing  a 
brief  summary  of  average  results  calculated  from  the  original  tables, 
shows  in  a  general  way  what  was  accomplished.  The  authors  con- 
cluded that  copper  sulphate  is  not  so  efficient  as  chlorine  compounds, 
is  more  seriously  affected  by  carbonates,  and  is  much  more  expensive. 

Table  15.  —Disinfection  of  effluents  with  copper  sulphate  in  Ohio. 
[  KeUerman,  Pratt,  and  Kimbeiiy.] 
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A.  Ellluent  of  contact  filter  at  WesterviUe,  Ohio. 

B.  Effluent  of  sand  filter  at  Lancaster,  Ohio. 

C.  Effluent  of  sand  filter  at  Marion,  Ohio. 


MISCELLANEOUS  METHODS. 
PERMANGANATES. 

Potassium  permanganate  and  sodium  permanganate  have  been 
used  for  the  oxidation  of  organic  matter  in  streams.  At  London 
when  the  Thames  becomes  extremely  foul  during  low-water  periods, 
sodium  permanganate  is  added  to  its  waters  in  order  to  destroy  odors 
and  putrescible  material,  but  the  treatment  undoubtedly  results  in 
partly  sterilizing  the  water.  It  is  claimed  that  the  germicidal  action 
is  not  sufficiently  great  to  interfere  with  the  normal  oxidizing  changes 
in  the  stream.  The  use  of  permanganates  has  been  proposed  for  ren- 
dering effluents  of  chemical  precipitation  plants  nonputrescible. 

"amines"  process. 

The  so-called  "amines"  process  was  developed  by  H.  Wollheim  in 
England.  It  is  claimed  that  trimethylamine  treated  with  lime  or 
other  alkali  produces  a  very  poisonous  substance.    Herring  brine  is 


a  Kv Herman.  K.  T.,  Pratt.  R.  W.,  and  Kimbcrly,  A.  E.:  The  disinfection  of  sewage  effluents  for  the 
protection  ot public  water  supplies,  Bull.  115,  Bur.  riant  Industry,  U.  S.  Dept.  Agr.  10W. 
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upply  the  amine.  A  largo  excess  of  lime  is  added  and  the 
is  mod  to  precipitate  crude  sewage.    Klein  made  a  test  of 
at  Weal  Horn  in  1889,  and  found  that  a  clear,  nonpu* 
»irril<*  diluent  could  be  obtained.    Similar  results  were 
at  Wimbledon,*  where  768,000  bacteria  per  cubic  centime- 
the  sewage  were  completely  removed*   The  sludge  is  also 
ale.    The  process  does  not  seem  to  have  been  further 


•OMVM  BKSEOAT*  AMD  OTlfKII  UJWAKJC  IDXhlUNPfl. 

benaoate  is  supposed  to  possess  powerful  germicidal  prop- 
and  ha  use  as  a  disinfectant  for  sewage  was  suggested  to  the 
It  would  apparently  have  ibe  distinct  advantage  over  such 
rtants  as  chlorine  and  copper  salts  of  not  combining  with 
er,  thus  rendering  all  the  disinfectant  added  available  for 
tune.    Sodium  hertzoate  was  applied  regularly  to  a  trickling 
rat  al  Boston  during  March  and  April,  1907*    An  addition 
trial  benxoate  at  the  rate  of  0.8  part  per  million  for  twenty- 
:  days  gave  an  average  reduction  of  total  bacteria  from  140,000  to 
per  cubic  centimeter,  or  a  62  per  cent  removal.    Doubling  the 
of  benzoate  increased  the  efficiency  somewhat,  the  average 
then  being  from  370,000  to  84,000  per  cubic  centimeter,  or 
1  cent.    The  coat  of  benzoate  for  the  treatment  is  $1  per  million 
for  0.8  part  and  S2  for  twice  that  quantity.    Obviously  this 
is  not  an  efficient  disinfectant  in  sewage  work, 
organic  substances,  such  as  the  phenols  and  the  coal-tar 
were  suggested,  but  in  general  their  high  cost  eliminates 
from  ronatderation.   The  possibility  of  after  effects  must  also 
ttkkrod,   There  is  a  certain  advantage  in  the  use  of  a  sub- 
which  is  itself  used  up  in  the  reaction  or  which  is  converted 
harmless  compounds.    On  the  other  hand,  the  organic  disin- 
its  are  extremely  powerful  and  there  is  always  a  chance  of  the 
itaeortry  of  some  new  compound  with  the  requisite  germicidal  prop* 
|  Wtias  and  the  low  cost  that  will  make  it  the  ideal  sewage  disinfectant. 

Two  erf 

Operant 
tmbrha 
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the  methods  of  disinfection  that  have  been  mentioned 
Dot  to  have  been  sufficiently  investigated,  namely,  disinfec- 
l  bf  heat  and  by  organic  compounds.    The  heat  method  hold*  a 
■ability  that  sufficient  ammonia  may  be  recovered  to 
for  the  naeesaary  beating,  but  actual  trial  is  essential  for  con- 
proof.    A  systematic  study  of  organic  compounds  as  disin- 

ha*  vet  tn  \x>  made. 
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Of  the  disinfectants  that  hare  been  sufficiently 
chlorine  compounds  and  copper  salts  alone  appear  to  be 
to  the  sewage  problem.  Moreover,  a  detailed  study  of  results 
cost  basis  leaves  no  doubt  that  the  efficiency  of  chlorine  is 
greater  than  that  of  copper.  Even  if  the  prices  of  these  two 
rials  were  more  nearly  equal,  many  facts  favor  the  use  of 
Both  reagents  unite  with  organic  matter,  but  chlorine  unites  by 
dizing  the  organic  matter,  thus  rendering  it  less  putresdble,  while 
per  precipitates  it.  The  compounds  formed  by  the  copper  tend 
protect  the  solid  particles  from  further  action,  and  the  diffusion  of 
per  ions  through  such  a  precipitated  copper  envelope  must 
be  slow.  As  no  such  action  occurs  with  chlorine  compounds, 
penetration  of  the  chlorine  into  solid  particles  must  be  much 
complete.  Chlorine  in  the  form  of  bleaching  powder  is  to 
extent  a  by-product,  is  very  cheap,  and  will  probably  become 
as  the  methods  of  production  are  improved;  on  the  other 
copper  is  a  staple,  the  price  of  which  is  likely  to  increase, 
may  be  found  of  such  chemical  composition  that  ^treatment  wnf 
copper  will  be  more  effective  than  that  with  chlorine,  but  in  gNMnl 
chlorine  compounds  are  to-day  by  far  the  most  economical  and  Hit 
most  efficient  disinfectants  available  in  sewage  work. 

EXPERIMENTAL  INVESTIGATIONS. 
HISTORY. 

In  connection  with  general  investigations  in  sewage  disposal, 
which  have  been  conducted  since  1903  at  the  sanitary  research 
laboratory  and  sewage  experiment  station  of  the  Massachusetts 
Institute  of  Technology,  the  subject  of  the  chemical  disinfection  of 
sewage  and  sewage  effluents  has  been  extensively  studied  during  the 
past  two  years.  In  the  spring  of  1906  a  cooperative  arrangement 
between  the  United  States  Geological  Survey  and  the  institute  made 
it  possible  materially  to  enlarge  the  scope  of  the  work. 

With  a  view  also  of  gaining  increased  knowledge  of  the  practical 
workings  of  the  processes  that  had  been  developed  at  Boston,  an 
arrangement  was  made  with  the  state  sewerage  commission  of  New 
Jersey,  through  Boyd  McLean,  secretary,  under  which  experiments 
were  begun  at  Red  Bank,  N.  J.  The  state  sewerage  commission 
later  continued  that  work  for  its  own  information,  retaining  the 
writer  in  charge,  and  tlirough  the  courtesy  of  the  commission  the 
results  of  the  entire  work  are  here  presented.  During  the  sum- 
mer of  1907  the  experiments  were  placed  under  the  immediate 
charge  of  F.  E.  Daniels,  to  whose  faithful  efforts  their  successful 
completion  is  in  large  part  due.  Mr.  Daniels  was  assisted  at  Bed 
Bank  by  H.  S.  Crawford,  and  also  did  much  of  the  work  at  Boston 
during  1908. 
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In  Derrmber.  I iXI7t  the  scope  of  the  investigation  was  still  further 
by  *  cooperative  agreement  between  the  United  States 
Surrey  and  the  sewerage  commission  of  Baltimore,  of  which 
Ga.  Peter  Leary,  U.  8.  Army,  retired,  is  chairman,  and  Calvin 
W.  Hundrkh  is  chief  engineer.  Experiments  on  a  somewhat  enlarged 
nk  were  immediately  undertaken  at  the  Walbrook  testing  station 
el  the  Baltimore  sewerage  commission,  and  they  were  continued  up 
Ui  Juh\  1908,  at  which  date  the  agreement  with  the  Geological  Survey 
l^pwL  The  work  nt  Baltimore  was  under  the  immediate  charge 
of  Km  H  Whitman,  division  engineer  of  the  disposal  division,  to 
the  writer  is  under  the  greatest  obligation  for  it*  successful 
Intimately  associated  with  that  work  also  and  responsi- 
ble in  large  measure  for  the  result*  have  been  Charles  A.  Emerson,  jr., 
Snastant  division  engineer,  Henry  C*  McRae,  chemist,  and  Edward 
&  Birjge.  bacteriologist.  Dr.  R.  P.  Cowles,  of  Johns  Hopkins  Uni- 
v  and  William  T.  Carpenter,  Ley  land  Whipple,  and  Marvin  H. 
haw  also  been  associated  with  this  work  from  time  to  time  in 
with  special  lines  of  investigation. 
Through  tht*  emirtesy  of  A.  O.  Paine,  jr.,  president,  and  J.  R. 
*u|*niitcndciit,  of  the  McDonald  Klcctroli  tic  Cell  Cum- 
,  of  New  York,  an  electrolytic  chlorine  cell  having  a  capacity 
of  23  pounds  a  day  of  chlorine  gas  was  placed  at  the  disposal  of  the 
writer,  and  it  proved  to  be  of  great  assistance  in  the  work,  as  a  large 
aappiy  of  gaseous  chlorine  was  thus  matte  available  for  special  experi- 
mml*  The  machine  was  used  directly  in  disinfection  and  also  in  the 
on  of  a  series  of  chlorine  compound*  that  were  studied. 


BACTERIOLOGICAL  METHODS  AND  EXPRESSION  OF  RESULTS. 

The  bacteriological  methods  employed  in  the  different  parts  of  this 
have  been  kept  as  nearly  uniform  as  possible  in  order  that  the 
nay  be  strictly  comparable.  In  general,  the  methods  have 
%mm  those  recommended  by  the  committee  on  stamtaril  methods  of 
aabrr  analysis  of  the  American  Public  Health  Association,  labors- 
tary  suction.  Since  the  publication  of  those  methods  •  a  new  pre- 
sumptive test  for  the  colon  bacillus  has  been  described  by  Jackson  * 
and  it  has  been  used  throughout  this  work.  The  medium  employed 
m  Ifcb  test  consists  of  ox  bite  to  which  lactose  has  been  added*  Its 
in  sewage  work  he*  never  been  carefully  studied,  but 
i  studies  by  Pnascott  sad  Winalow  r  have  continued  t  in-  earlier 
of  Jackson  that  in  water  work  this  presumptive  test 
results  which  are  similar  to  those  obtained  in  complete  B.  coli 
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determinations.  It  may  fairly  be  assumed,  therefore,  that  the  B. 
coli  results  reported  in  the  present  paper  represent  a  group  of  bac- 
teria, including  practically  all  the  B.  coli  actually  present,  together 
with  certain  other  bacteria  which  probably  are  not  more  than  10 
per  cent  of  the  whole  number  reported.  The  study  of  such  a  group 
gives  valuable  information  concerning  the  probable  elimination  of 
typhoid  and  other  pathogenic  bacteria,  while  the  additional  infor- 
mation to  be  obtained  from  a  complete  determination  of  the  B.  coli 
actually  present  is  not  deemed  sufficient  to  warrant  the  additional 
labor  involved.  At  Boston  and  at  Baltimore  counts  of  the  bacteria 
on  gelatin  at  20°  C.  and  on  litmus  lactose  agar  at  37°  C.  and 
counts  of  the  acid-forming  bacteria  at  37°  C.  were  recorded.  The 
latter  group  includes  the  B.  coli,  and  some  bacteriologists  believe 
that  the  number  of  acid-forming  bacteria  is  a  more  accurate 
indication  of  the  numbers  of  colon  bacilli  than  the  presumptive 
tests.  It  is  indisputable,  however,  that  the  group  of  acid- 
forming  bacteria  is  large  and  that  in  sewage  work  at  least  it 
bears  only  a  general  relationship  to  B.  coli.  An  additional  group, 
the  bacteria  that  liquefy  gelatin,  is  also  included  in  the  Boston  results, 
though  the  additional  information  afforded  by  including  this  group 
is  slight.  Inasmuch  as  adequate  facilities  for  complete  bacteriological 
work  were  not  available  at  Red  Bank,  the  total  count  at  20°  C.  and 
the  presumptive  B.  coli  tests  alone  were  made.  Examinations  of  the 
trickling  filter  effluent  before  and  after  treatment  have  been  made  at 
BoMon  on  five  or  six  days  in  each  week.  At  Red  Bank  and  at  Bal- 
timore two  samples  were  tested  each  working  day  for  B.  coli  and 
three  >ampl<»<  were  plated  for  the  bacterial  counts. 

Considerable  thought  has  been  given  to  the  manner  of  expressing 
result-.  It  would  obviously  l>e  inadvisable  to  attempt  to  tabulate 
the  results  of  all  examinations  made,  because  such  tables  would  be 
too  unwieldy  for  general  use.  On  the  other  hand,  the  use  of  aver- 
ages, especially  if  they  cover  long  periods,  is  oj>en  to  the  serious 
objection  that  a  few  bad  results  are  easily  covered  up  in  general  aver- 
age-, and  it  is  particularly  necessary,  in  a  process  of  this  kind,  to 
show  that  the  results  are  not  only  satisfactory  in  general,  but  that 
they  are  fairly  uniform.  To  cite  a  familiar  illustration,  a  poor 
marksman's  shots  might  be  placed  symmetrically  about  the  center 
of  the  target  and  in  that  sense  their  average  position  might  be  as 
near  the  bull's-eye  as  the  average  position  of  better-placed  shots. 
The  actual  deviations  from  the  average  position  would  indicate  the 
character  of  the  shooting.  Similarly,  in  disinfection  two  series  of  tests 
mi^ht  give  the  same  average,  even  if  one  series  were  composed  of 
fairly  uniform  results  and  the  other  series  of  very  erratic  ones.  In 
oilier  words,  the  deviations  from  the  average  are  fully  as  significant 
//>  the  u  vorutrp  //gun*  itself.    Accordingly,  the  routine  work  is  reported 
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in  the  form  of  weekly  averages.  The  total  bacterial  counts  are 
accompanied  by  a  statement  showing  the  variations  of  the  individual 
reaulu  and  the  variations  of  the  individual  bacterial  removals  from 
the  average  bacterial  removal.  In  this  way  the  record  of  what  was 
actually  accomplished  is  stated  in  the  most  compact  form. 

A  new  method  of  recording  B.  roli  results  is  also  employed,  The 
procedures  used  in  the  determination  of  this  organism  do  not  permit 
a  quantitative  count  of  the  number  really  present,  but  show  merely 
the  ptwence  or  the  absence  of  the  bacillus.  Quantitative  results  are 
obtained  in  a  rough  way  by  applying  the  test  to  various  dilutions  of 
the  sample.  For  instance,  in  a  disinfected  effluent  the  test  is  applied 
on  0.1,  0.01  „  and  0.001  cubic  centimeter,  respectively,  and  the  highest 
dilution  giving  a  positive  test  is  recorded.  Hitherto  a  bare  state- 
ment of  the  results  is  all  that  has  been  attempted  in  the  way  of  giving 
quantitative  significance  to  this  test.  But  it  has  been  shown0  that 
where  as  many  as  fifty  or  one  hundred  results  of  that  character  from 
the  same  source  are  available,  the  probability  law  of  distribution  may 
be  applied  in  order  to  estimate  the  average  number  of  organisms 
present.  The  most  probable  value  for  the  number  of  //.  coli  present 
in  each  sample  is  indicated  by  the  reciprocal  of  Hie  highest  dilution 
giving  a  positive  test,  and  while  that  figure  may  be  far  from  the  cor- 
nel one  for  any  one  sample,  the  average  of  fifty  estimates  of  this 
character  closely  approximate*  Hie  actual  value.  The  case  i«  analo- 
gous to  thi*  well-known  facts  in  relation  to  the  expectancy  of  life  at 
any  age;  an  expectancy  of  life  as  given  in  the  actuarial  table*  has 
but  little  weight  when  applied  to  any  one  person,  but  in  the  average 
of  a  Urge  number  of  persons  it  approximate*  *-'<e  truth.  The  num- 
tif  B.  call  present  in  a  sample  has  therefore  been  recorded  in  this 
■  iy.  individual  result*  have  but  little  weight  and  weekly  average* 
1st  be  properly  interpreted,  but  monthly  averages  are  probably 
ry  near  the  average  numU-rs, 

INVESTIGATIONS  AT  BOSTON, 
MCm  AM)  OHAIACTII  OF  KXPKKIMKNT*. 

ince  the  beginning  of  the  work  at  Boston  in  February,  pMVl, 
phage*  of  Hie  disinfection  problem  have  been  under  inve>ti- 
The  following  summary  of  the  studies  *howx  tlirir  m-ojw  wn<\ 
pr;  (a)  Prrliiiiinaryex|wrinie[it.swithrhli»rideof  lime  ;  \h  studies 
lh*  comparative  efficiencies  of  chloride  of  lime,  sulphate  of  cop- 
,  and  sodium  benzoate;  (r)  snmll-acale  experiments  to  dtteniune 
comparative  efliciencie*  of  free  eblorine,  commercial  hypoehlo- 
ita*t  electrolytic  by poehioritoa,  chlorate*  and  perrhloratea,  and  the 
liypochloritc*  of  several  bases;  (d)  studies  of  the  eomparjv*  *^ 
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determinations.  It  may  fairly  be  assumed,  therefore,  tjiat  the  B. 
coli  results  reported  in  the  present  paper  represent  a  group  of  bac- 
teria, including  practically  all  the  B.  coli  actually  present,  together 
with  certain  other  bacteria  which  probably  are  not  more  than  10 
per  cent  of  the  whole  number  reported.  The  study  of  such  a  group 
gives  valuable  information  concerning  the  probable  elimination  of 
typhoid  and  other  pathogenic  bacteria,  while  the  additional  infor- 
mation to  be  obtained  from  a  complete  determination  of  the  B.  coli 
actually  present  is  not  deemed  sufficient  to  warrant  the  additional 
labor  involved.  At  Boston  and  at  Baltimore  counts  of  the  bacteria 
on  gelatin  at  20°  C.  and  on  litmus  lactose  agar  at  37°  C.  and 
counts  of  the  acid-forming  bacteria  at  37°  C.  were  recorded.  The 
latter  group  includes  the  B.  coli,  and  some  bacteriologists  believe 
that  the  number  of  acid-forming  bacteria  is  a  more  accurate 
indication  of  the  numbers  of  colon  bacilli  than  the  presumptive 
tests.  It  is  indisputable,  however,  that  the  group  of  acid- 
forming  bacteria  is  large  and  that  in  sewage  work  at  least  it 
bears  only  a  general  relationship  to  B.  coli.  An  additional  group, 
the  bacteria  that  liquefy  gelatin,  is  also  included  in  the  Boston  results, 
though  the  additional  information  afforded  by  including  this  group 
is  slight.  Inasmuch  as  adequate  facilities  for  complete  bacteriological 
work  were  not  available  at  Red  Bank,  the  total  count  at  20°  C.  and 
the  presumptive  B.  coli  tests  alone  were  made.  Examinations  of  the 
trickling  filter  effluent  before  and  after  treatment  have  been  made  at 
Boston  on  five  or  six  days  in  each  week.  At  Red  Bank  and  at  Bal- 
timore two  samples  were  tested  each  working  day  for  B.  coli  and 
three  samples  were  plated  for  the  bacterial  counts. 

Considerable  thought  has  been  given  to  the  manner  of  expressing 
results.  It  would  obviously  be  inadvisable  to  attempt  to  tabulate 
the  results  of  all  examinations  made,  because  such  tables  would  be 
too  unwieldy  for  general  use.  On  the  other  hand,  the  use  of  aver- 
ages, especially  if  they  cover  long  periods,  is  open  to  the  serious 
objection  that  a  few  bad  results  are  easily  covered  up  in  general  aver- 
ages, and  it  is  particularly  necessary,  in  a  process  of  this  kind,  to 
show  that  the  results  are  not  only  satisfactory  in  general,  but  that 
they  are  fairly  uniform.  To  cite  a  familiar  illustration,  a  poor 
marksman's  shots  might  be  placed  symmetrically  about  the  center 
of  the  target  and  in  that  sense  their  average  position  might  be  as 
near  the  bull's-eye  as  the  average  position  of  better-placed  shots. 
The  actual  deviations  from  the  average  position  would  indicate  the 
character  of  the  shooting.  Similarly,  in  disinfection  two  series  of  tests 
might  give  the  same  average,  even  if  one  series  were  composed  of 
fairly  uniform  results  and  the  other  series  of  very  erratic  ones.  In 
other  words,  the  deviations  from  the  average  are  fully  as  significant 
as  the  n  verage  figure  itself.    Accordingly,  the  routine  work  is  reported 
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of  weekly  averages.  The  total  bacterial  counts  ar& 
by  a  statement  showing  the  variations  of  the  individual 
It*  and  the  variations  of  the  individual  bacterial  removals*  from 
the  average  bacterial  removal.  In  this  way  the  record  of  what  was 
actually  aceompliahed  is  stated  in  the  most  compact  form, 
A  new  method  of  recording  B.  coli  results  is  also  employed.  The 
used  in  the  determination  of  this  organism  do  not  permit 
quantitative  count  of  the  number  really  present,  but  show  merely 
presence  or  the  absence  of  the  bacillus.  Quantitative  results  are 
in  a  rough  way  by  applying  the  test  to  various  dilutions  of 
lple.  For  instance,  in  a  disinfected  effluent  the  test  is  applied 
0.1,  0.01,  and  0.001  cubic  centimeter,  respectively,  and  the  highest 
dilution  giving  a  positive  test  is  recorded.  Hitherto  a  bare  state- 
ment of  the  results  is  all  that  has  been  attempted  in  the  way  of  giving 
quantitative  significance  to  this  test.  But  it  has  been  shown  tt  that 
where  as  many  as  fifty  or  one  hundred  results  of  that  character  from 
the  aame  source  are  available,  the  probability  law  of  distribution  may 
be  applied  in  order  to  estimate  the  average  number  of  organisms 
present.  The  most  probable  value  for  the  number  of  /J.  coli  present 
in  each  sample  is  indicatel  by  the  reciprocal  of  the  highest  dilution 
~ving  a  positive  test,  and  while  that  figure  may  l>e  far  from  the  cor- 
one  for  any  one  sample,  the  average  of  fifty  estimates  of  this 
zstes  closely  approximates  the  actual  value.  The  east*  is  analo- 
to  the  well-known  facts  in  relation  to  the  expectancy  of  life  at 
any  age;  an  expectancy  *»f  life  its  given  in  the  actuarial  tables  has 
but  little  weight  when  applied  to  any  one  person,  but  in  the  average 
of  a  large  number  of  persons  it  approximates  the  truth.  The  num- 
ber of  B.  coli  present  in  a  sample  has  therefore  been  recorded  in  this 
way.  Individual  results  have  but  liltle  weight  and  weekly  averages 
must  be  properly  interpreted,  but  monthly  averages  are  probably 
verv  near  the  average  numbers. 

Since  the  beginning  of  tin*  work  at  Boston  in  February,  1906, 
various  phases  of  the  disinfection  problem  have  been  under  investi- 
gation. The  following  summary  of  the  studies  shows  their  scope  and 
character:  (a)  Preliminary  ex  i>eri  men  t  s  w  1 1  h  e  1 1 1 .  *  n  d  e  f  hme ;  (b)  studies 
f  the  comparative  efficiencies  of  ehloride  of  lime,  Milphats  of  cop- 
r,  and  sodium  benzoate;  (c)  smalUseale  experiinent>  t<»  determine 
he  comparative  efficieneies  of  free  chlorine,  commercial  hypoehlo- 
Itaa,  electrolytic  hypochlorite*,  chlorates  and  perrhlorataa,  and  the 
hypochlorite*  of  several  baaea;  (rf)  at  tidies  of  the  oompaff^^  el7,<t 
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determinations.  It  may  fairly  be  assumed,  therefore,  that  the  B. 
coli  results  reported  in  the  present  paper  represent  a  group  of  bac- 
teria, including  practically  all  the  B.  coli  actually  present,  together 
with  certain  other  bacteria  which  probably  are  not  more  than  10 
per  cent  of  the  whole  number  reported.  The  study  of  such  a  group 
gives  valuable  information  concerning  the  probable  elimination  of 
typhoid  and  other  pathogenic  bacteria,  while  the  additional  infor- 
mation to  be  obtained  from  a  complete  determination  of  the  B.  coli 
actually  present  is  not  deemed  sufficient  to  warrant  the  additional 
labor  involved.  At  Boston  and  at  Baltimore  counts  of  the  bacteria 
on  gelatin  at  20°  C.  and  on  litmus  lactose  agar  at  37°  C.  and 
counts  of  the  acid-forming  bacteria  at  37°  C.  were  recorded.  The 
latter  group  includes  the  B.  coli,  and  some  bacteriologists  believe 
that  the  number  of  acid-forming  bacteria  is  a  more  accurate 
indication  of  the  numbers  of  colon  bacilli  than  the  presumptive 
tests.  It  is  indisputable,  however,  that  the  group  of  acid- 
forming  bacteria  is  large  and  that  in  sewage  work  at  least  it 
bears  only  a  general  relationship  to  B.  coli.  An  additional  group, 
the  bacteria  that  liquefy  gelatin,  is  also  included  in  the  Boston  results, 
though  the  additional  information  afforded  by  including  this  group 
is  slight .  Inasmuch  as  adequate  facilities  for  complete  bacteriological 
work  were  not  available  at  Red  Bank,  the  total  count  at  20°  C.  and 
the  presumptive  B.  coli  tests  alone  were  made.  Examinations  of  the 
trickling  filter  eflluent  before  and  after  treatment  have  been  made  at 
Bo>ton  on  five  or  six  days  in  each  week.  At  Red  Bank  and  at  Bal- 
timore two  samples  were  tested  each  working  day  for  B.  coli  and 
three  >amples  were  plated  for  the  bacterial  counts. 

Considerable  thought  has  been  given  to  the  manner  of  expressing 
results.  It  would  obviously  be  inadvisable  to  attempt  to  tabulate 
the  results  of  all  examinations  made,  because  such  tables  would  be 
too  unwieldy  for  general  use.  On  the  other  hand,  the  use  of  aver- 
ages, esjx'cially  if  they  cover  long  periods,  is  open  to  the  serious 
objection  that  a  few  bad  results  are  easily  covered  up  in  general  aver- 
ages, ami  it  is  particularly  necessary,  in  a  process  of  this  kind,  to 
show  that  the  results  are  not  only  satisfactory  in  general,  but  that 
they  are  fairly  uniform.  To  cite  a  familiar  illustration,  a  poor 
marksman's  shots  might  be  placed  symmetrically  about  the  center 
of  the  target  and  in  that  sense  their  average  position  might  be  as 
near  the  bull's-eye  as  the  average  position  of  better-placed  shots. 
The  actual  deviations  from  the  average  position  would  indicate  the 
character  of  the  shooting.  Similarly,  in  disinfection  two  series  of  tests 
might  give  the  same  average,  even  if  one  series  were  composed  of 
fairly  uniform  results  and  the  other  series  of  very  erratic  ones.  In 
other  words,  the  deviations  from  the  average  are  fully  as  significant 
us  the  n  vertigo  figure  itself.    Accordingly,  the  routine  work  is  reported 
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he  form  of  weekly  averages.  The  total  bacterial  counts  are 
rnpanied  by  a  statement  showing  the  variations  of  the  individual 
fi— Ifii  and  thf*  variations  of  the  individual  bacterial  removals  from 
the  average  bacterial  removal.  In  this  way  the  record  of  what  was 
actually  accomplished  is  stated  in  the  most  compact  form, 

A  new  method  of  recording  B.  coli  results  is  also  employed.  Tin 
procedures  used  in  the  determination  of  this  organism  do  not  permit 
a  quantitative  count  of  the  number  really  present,  but  show  merely 
the  presence  or  the  absence  of  the  bacillus.  Quantitative  results  are 
obtained  in  a  rough  way  by  applying  the  test  to  various  dilutions  of 
the  sample.  For  instance,  in  a  disinfected  diluent  the  test  is  applied 
on  0.1 ,  0.01  >  ami  0,001  cubic  centimeter,  respectively,  ami  the  highest 
dilution  giving  a  positive  test  is  recorded.  Hitherto  a  bare  state- 
ment of  the  results  is  alt  that  has  been  attempted  in  the  way  of  giving 
quantitative  significance  to  this  test.  But  it  has  been  shown  4  that 
where  an  many  as  fifty  or  one  hundred  results  of  that  character  from 
the  same  source  are  available,  the  probability  law  of  distribution  may 
be  applied  in  order  to  estimate  the  average  number  of  organisms 
present.  The  most  probable  value  for  the  number  of  //.  coli  present 
in  each  sample  is  indicated  by  the  reciprocal  of  the  highest  dilution 
a  positive  test,  and  while  that  figure  may  l)e  far  from  the  cor- 
one  for  any  one  sample,  the  average  of  fifty  estimates  of  this 
tr  closely  approximates  the  actual  value.  The  case  is  analo- 
gous to  the  well~km>wn  farts  in  relation  to  the  exjieetatiey  of  life  at 
any  age;  an  expectancy  of  life  as  given  in  the  actuarial  tables  has 
but  Utile  weight  when  applicil  to  any  one  person,  hut  in  the  average 
of  a  large  number  of  persons  it  approximates  the  truth.  The  num- 
ber of  B.  coli  present  in  a  sample  has  therefore  l>ecn  recorded  in  this 
way,  Individual  results  have  but  little  weight  and  weekly  averages 
must  lie  properly  interpreted,  but  monthly  averages  are  prohahlv 
very  near  the  average  immU  r 
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Since  the  beginning  of  the  work  at  Boston  in  February,  HM»n, 
various  phases  of  the  disinfection  problem  have  been  under  inveati- 
ation.  The  following  summary  of  the  studies  shown  their  scope  and 
character;  (a)  Preliminary  ex  [>eriment*\*  ithchlorideof  lima;  (b)  studies 
of  the  comparative  efficiencies  of  chloride  of  lime,  sulphate  of  cop- 
per, and  sodium  benzoate;  (V)  small-*  \%\r  f-\j>eriuient*  to  oVtcrmine 
lbs  comparative  efl)<n  n-  i.  of  free  chlorine,  commercial  hyp  m  hlo- 
riten,  electrolytic  hyp*x  hit >rite*,  chlorates  and  pen  hlorate*,  and  tlie 
hypochlorite*  of  Meveral  bases;  Ul^  Mmiies  of  the  eomparg'  ^  ^rlect 
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of  hypochlorites  on  the  typhoid  and  the  colon  bacilli;  (e)  routine 
disinfection  of  5,000  gallons  a  day  of  trickling-filter  effluent  with 
chloride  of  lime;  (/)  disinfection  of  crude  sewage  with  chloride  of 
lime  in  700-gallon  tests.  The  studies  on  copper  sulphate  and  sodium 
benzoate  have  already  been  discussed  (pp.  29-32).  The  remaining 
divisions  of  the  work  are  reviewed  in  the  succeeding  pages. 

PRELIMINARY  EXPERIMENTS  WITH  CHLORIDE  OP  LIME. 

The  results  of  some  preliminary  experiments  in  the  spring  of  1906 
have  already  been  published,0  but  as  they  have  important  bearing 
on  the  present  work,  a  brief  review  of  them  is  here  presented.  The 
experiments  were  made  with  chloride  of  lime  and  the  effluent  of  a 
trickling  filter  in  which  Boston  sewage  was  being  treated.  They 
consisted  of  23  bottle  tests  in  which  the  available  chlorine  that  was 
added  varied  from  0.25  to  100  parts  per  million,  and  the  time  of 
contact  from  thirty  minutes  to  twenty-four  hours.  They  were  under- 
taken with  the  object  of  establishing  practical  working  limits  for 
available  chlorine  and  contact  period  for  future  experiments,  and 
particularly  to  determine  whether  the  English  and  Continental  prac- 
tice of  adding  large,  almost  prohibitive,  amounts  of  chlorine  is  justi- 
fied by  the  results. 

This  preliminary  study  indicated  that  an  effluent  similar  to  the 
one  used  can  be  deprived  of  95  per  cent  to  98  per  cent  of  its  total 
bacteria  in  two  hours  by  the  application  of  chloride  of  lime  in  con- 
centrations having  2  to  5  parts  per  million  of  available  chlorine. 
The  impracticability  .of  attempting  to  get  much  better  results  was 
well  shown,  for  complete  sterilization  was  never  accomplished,  though 
concentrations  of  chlorine  up  to  100  parts  per  million  and  storage 
periods  of  twenty-four  hours  were  employed.  It  was  found  unnec- 
essary, in  brief,  to  use  more  than  5  parts  of  chlorine  or  to  treat  for 
over  two  hours. 

It  is  a  well-known  fact  that,  in  all  processes  involving  the  destruc- 
tion of  bacteria,  it  is  comparatively  easy  to  kill  the  first  95  per  cent 
of  the  germs  and  very  difficult  to  destroy  the  remaining  5  per  cent. 
This  phenomenon  of  the  "resistant  minority,"  as  Whipple  terms  it, 
is  common  to  all  kinds  of  sterilization,  whether  it  be  by  heat,  cold, 
light,  chemicals,  or  other  means.  It  is  therefore  more  practical  to 
determine  how  far  disinfection  may  be  carried  at  a  reasonable  expend- 
iture than  to  attempt  the  ideal  complete  sterilization.  To  state  a 
concrete  example,  it  might  happen  that  the  pathogenicity  of  an 
eHluent  could  be  reduced  96  per  cent  by  the  expenditure  of  a  certain 
sum  of  money,  97  per  cent  by  the  expenditure  of  twice  that  sum, 
mm1  .f*P  |«£r  cent  by  the  expenditure  of  five  times  that  sum.  The 
first  reduction  might  represent  a  feasible  plan,  and  the  last  a  pro- 

"  Phelps,  E.  B.,  Uand  Carpenter,  Wm.  T.,  The  stertUtaUon  ot  sewage  filter  effluents:  Teoh.  Quart,  foL 
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hihitively  expensive  one*  It  is  plainly  more  desirable  at  the  outset 
to  determine  the  relations  between  the  various  factors,  such  as  con- 
centration of  disinfectant,  time  of  contact,  cost,  and  efficiency,  and 
to  establish  certain  working  limits  with  reference  to  final  costs, 
than  to  attempt  the  ultimate  destruction  of  all  germs  regardless  of 
the  prartical  limits  that  necessarily  exist.  The  preliminary  expert* 
menu  were  undertaken  with  the  idea  of  fixing  these  practical  work- 
ing limits.  For  the  first  time  in  the  history  of  the  subject  the  disin- 
fection of  sewage  filter  effluents  and  even  of  crude  sewage  itself  was 
«hown  to  be  practicable  and  feasible,  yielding  results  commensurate 
with  the  coat  when  compared  with  the  results  and  costs  of  other 
purification  processes. 

DlfttXttXTlOX  OF  Tim-KMN-O-Kll.TKK   RFKI  I  KNT. 

The  most  important  work  at  Boston  consisted  in  the  routine 
disinflation  of  the  combined  effluents  of  two  tric  kling  filters.  Each 
filter  is  8  feet  deep  and  has  a  surface  area  of  50  square  feet.  One  is 
composed  of  crushed  stone  from  1  iwh  to  11  tie  lies  in  mean  diam- 
eter; the  other  of  stone  from  L\  to  2  inches  in  diameter.  The  com- 
bined etiluents,  amounting  to  5,00(1  gallons  in  twenty-four  hours, 
brought  from  the  undcrdrains  of  the  outdoor  trickling  filters 
le  filter  house  through  a  short  length  of  iron  pipe.  Within  the 
liter  house  the  liquid  was  conducted  by  an  open  trough  to  the  central 
channel  of  a  sedimentation  rank  built  on  the*  Dortmund  plan.  It 
then  passed  downward  nearly  to  the  bottom  of  this  conical  tank, 
iterod  the  main  laaly  of  the  tank,  and,  rising  with  constantly 
sing  velocity,  finally  overflowed  at  the  surface.  The  tank 
deigned  to  give  a  two-hour  storage  period.  The  disinfectant 
tion  was  made  up  in  a  AO-gallon  barrel  To  a  strength  about  one 
hundred  times  that  required  in  the  timil  mixture.  A  small  oritiep- 
box  working  under  constant  head  was  connected  with  the  barrel 
and  was  designed  to  deliver  exactly  callous  an  hour.  As  the  flow 
jh  the  sedimentation  tank  was  a  little  over  200  gallon*  per 
tliiis  arrangement  gave  a  liual  mixture  of  the  doired  propor- 
Theae  rates  and  volumes  were  kept  constant  throughout, 
in  the  amount  of  disinfectant  added  being  brought  about 
nng  the  strength  of  the  solution.  Headings  of  t  float  gauge 
barrel  and  daily  measurements  of  the  flow  of  the  trickling- 
luent  into  the  fauk  served  tis  checks  on  ihe  accuracy  of  the 
and  together  with  daily  analyses  of  the  strong  disin- 
•olution,  gave  data  from  which  the  actual  amount  of  dift- 
it  added  during  any  required  period  of  time  could  be  eom- 
Tvationa  of  the  rate  of  flow  of  the  disinfectant  solution 
lio  the  tank  were  made  at  hourly  ml*  rvals  for  a  period  id 
mrv  jnweding  the  taking  of  samples,  and  the  ac\ua\  cvmve* 
U»  <  r»m-/...(|1jinu.  i,.  Uu-  suit 
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determinations.  It  may  fairly  be  assumed,  therefore,  t}imt  the 
coli  results  reported  in  the  present  paper  represent  a  group  of  1 
teria,  including  practically  all  the  B.  ccli  actually  present, 
with  certain  other  bacteria  which  probably  are  not  more  than 
per  cent  of  the  whole  number  reported.  The  study  of  such  a  j 
gives  valuable  information  concerning  the  probable  elimination  i 
typhoid  and  other  pathogenic  bacteria,  while  the  additional  no 
mation  to  be  obtained  from  a  complete  determination  of  the  B.  < 
actually  present  is  not  deemed  sufficient  to  warrant  the  additk 
labor  involved.  At  Boston  and  at  Baltimore  counts  of  the 
on  gelatin  at  20°  C.  and  on  litmus  lactose  agar  at  37°  C. 
counts  of  the  acid-forming  bacteria  at  37°  C.  were  recorded, 
latter  group  includes  the  B.  coli}  and  some  bacteriologists 
that  the  number  of  acid-forming  bacteria  is  a  more 
indication  of  the  numbers  of  colon  bacilli  than  the  preeump 
tests.  It  is  indisputable,  however,  that  the  group  of 
forming  bacteria  is  large  and  that  in  sewage  work  at  least 
bears  only  a  general  relationship  to  B.  ccli.  An  additional 
the  bacteria  that  liquefy  gelatin,  is  also  included  in  the  Boston  i 
though  the  additional  information  afforded  by  including  this 
is  slight.  Inasmuch  as  adequate  facilities  for  complete  bacteriolo 
work  were  not  available  at  Red  Bank,  the  total  count  at  20°  C. 
the  presumptive  /f.  coli  tests  alone  were  made.  Examinations  of  the 
trickling  filter  elHuent  before  anil  after  treatment  have  been  made  at 
Boston  on  live  or  six  days  in  each  week.  At  Red  Bank  and  at  Bal- 
timore two  samples  were  tested  each  working  day  for  B.  ccli  and 
three  samples  were  plated  for  the  bacterial  counts. 

Considerable  thought  has  l>een  given  to  the  manner  of  expressing 
results.  It  would  obviously  bo  inadvisable  to  attempt  to  tabulate 
the  results  of  all  examinations  made,  because  such  tables  would  be 
too  unwieldy  for  general  use.  On  the  other  hand,  the  use  of  aver- 
ages, esjHH'ially  if  they  cover  long  periods,  is  open  to  the  serious 
objection  that  a  few  bad  results  are  easily  covered  up  in  genera]  aver- 
ages, and  it  is  particularly  necessary,  in  a  process  of  this  kind,  to 
show  that  the  results  are  not  only  satisfactory  in  general,  but  that 
they  are  fairly  uniform.  To  cite  a  familiar  illustration,  a  poor 
marksman's  shots  might  be  placed  symmetrically  about  the  center 
of  the  target  and  in  that  sense  their  average  position  might  be  as 
near  the  bull's-eye  as  the  average  position  of  better-placed  shots. 
The  actual  deviations  from  the  average  position  would  indicate  the 
character  of  the  shooting.  Similarly,  in  disinfection  two  series  of  tests 
might  give  the  same  average,  even  if  one  series  were  composed  of 
fairly  uniform  results  and  the  other  series  of  very  erratic  ones.  In 
other  words,  the  from  the  average  are  fully  as  ; 

as  tb* "  «mdu^y ,  \Xie  toxi^ax**  Barkis  r 
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the  farm  of  weekly  average*.   The  total  bacterial  counts 

by  a  statement  showing  the  variations  of  the  individual 
and  the  variations  of  the  individual  bacterial  removals  from 
rr*i^4  httt'teria]  removal.    In  this  way  the  record  of  what  was 
accomplished  is  stated  in  the  most  compact  form, 
method  of  recording  B.  coli  results  is  also  employed.  The 
i  used  in  the  determination  of  this  organism  do  not  permit 
itaVtfcre  count  of  the  number  really  presentt  but  show  merely 
presence  or  the  absence  of  the  bacillus.    Quantitative  results  are 
in  a  rough  way  by  applying  the  test  to  various  dilutions  of 
i  pie.    For  instance,  in  a  disinfected  effluent  the  test  is  applied 
1, 0.01  v  and  0*001  cubic  centimeter,  respectively,  and  the  highest 
giving  a  positive  test  is  recorded.    Hitherto  a  bare  state- 
.of  Um*  re*ulu  is  all  that  has  been  attempted  in  the  way  of  giving 
|  faantilativr  significance  to  this  test*   But  it  has  been  shown  <*  that 
i  many  as  fifty  or  one  hundred  results  of  that  character  from 
>  source  are  available,  the  probability  law  of  distribution  may 
applied  in  order  to  estimate  the  average  number  of  organisms 
The  most  probable  value  for  the  number  of  B.  coli  present 
sample  is  indicated  by  the  reciprocal  of  the  highest  dilution 
a  positive  test,  and  while  that  figure  may  be  far  from  the  cor- 
one  for  any  one  sample,  the  average  of  fifty  estimates  of  litis 
closely  approximates  the  actual  value.   The  case  is  analo* 
the  well-known  facts  in  relation  to  the  expectancy  of  life  at 
»;  an  expectancy  of  life  as  given  in  the  actuarial  tables  has 
ittl*  weight  when  applied  to  any  one  person,  but  in  the  average 
large  number  of  persons  it  approximates  the  truth.    The  num- 
1  of  B.  coli  present  in  a  sample  has  therefore  been  recorded  in  this 
Individual  results  have  but  little  weight  and  weekly  averages 
bo  properly  interpreted,  but  monthly  averages  are  probably 
the  average  numbers. 

INVESTIGATIONS  AT  BOSTON. 
SCOPS  AND  CHARACTXtt  OF  EXPERIMENTS. 

the  beginning  of  the  work  at  Boston  in  February,  l!W»6, 
phases  of  the  disinfection  problem  have  been  under  investi- 
The  following  summary  of  the  studies  shows  their  scope  and 
character:  (a)  Preliminary  experiments  with  chloride  of  lime;  (6)  studies 
the  comparative  efficiencies  of  chloride  of  lime,  sulphate  of  cop- 
and  sodium  b«nzoate;  (c)  small-ocai*  experiments  to  determine 
comparative  efficiencies  of  free  chlorine,  commercial  hypochJo- 
tk  hv  jKH  hlorites,  chlorates  ami  perchlorates,  and  the 
jf  several  bases;  (rf)  studies  of  the  comparative  effect 
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determinations.   It  may  fairly  be  assumed,  therefore,  that  the  BA 
coli  results  reported  in  the  present  paper  represent  a  group  of  bafr| 
teria,  including  practically  all  the  B.  coli  actually  present, 
with  certain  other  bacteria  which  probably  are  not  more  than  1$ 
per  cent  of  the  whole  number  reported.   The  study  of  such  a  \ 
gives  valuable  information  concerning  the  probable  elimination 
typhoid  and  other  pathogenic  bacteria,  while  the  additional 
mation  to  be  obtained  from  a  complete  determination  of  the  B. 
actually  present  is  not  deemed  sufficient  to  warrant  the  addit 
labor  involved.   At  Boston  and  at  Baltimore  counts  of  the 
on  gelatin  at  20°  C.  and  on  litmus  lactose  agar  at  37°  C. 
counts  of  the  acid-forming  bacteria  at  37°  C.  were  recorded, 
latter  group  includes  the  B.  coli,  and  some  bacteriologists 
that  the  number  of  acid-forming  bacteria  is  a  more 
indication  of  the  numbers  of  colon  bacilli  than  the  presumptml 
tests.    It  is  indisputable,  however,  that  the  group  of  acid*] 
forming  bacteria  is  large  and  that  in  sewage  work  at  least  it] 
bears  only  a  general  relationship  to  B.  coli.   An  additional  groups] 
the  bacteria  that  liquefy  gelatin,  is  also  included  in  the  Boston  i 
though  the  additional  information  afforded  by  including  this  group] 
is  slight.   Inasmuch  as  adequate  facilities  for  complete  bacteriological! 
work  were  not  available  at  Red  Bank,  the  total  count  at  20°  C.  and  '■ 
the  presumptive  B.  coli  tests  alone  were  made.    Examinations  of  the 
trickling  filter  effluent  before  and  after  treatment  have  been  made  at 
Boston  on  five  or  six  days  in  each  week.    At  Red  Bank  and  at  Bal- 
timore two  samples  were  tested  each  working  day  for  B.  coli  and 
three  samples  were  plated  for  the  bacterial  counts. 

Considerable  thought  has  been  given  to  the  manner  of  expressing 
results.  It  would  obviously  be  inadvisable  to  attempt  to  tabulate 
the  results  of  all  examinations  made,  because  such  tables  would  be 
too  unwieldy  for  general  use.  On  the  other  hand,  the  use  of  aver- 
ages, especially  if  they  cover  long  periods,  is  open  to  the  serious 
objection  that  a  few  bad  results  are  easily  covered  up  in  general  aver- 
ages, and  it  is  particularly  necessary,  in  a  process  of  this  kind,  to 
show  that  the  results  are  not  only  satisfactory  in  general,  but  that 
they  are  fairly  uniform.  To  cite  a  familiar  illustration,  a  poor 
marksman's  shots  might  be  placed  symmetrically  about  the  center 
of  the  target  and  in  that  sense  their  average  position  might  be  as 
near  the  bull's-eye  as  the  average  position  of  better-placed  shots. 
The  actual  deviations  from  the  average  position  would  indicate  the 
character  of  the  shooting.  Similarly,  in  disinfection  two  series  of  tests 
might  give  the  same  average,  even  if  one  series  were  composed  of 
fairly  uniform  results  and  the  other  series  of  very  erratic  ones.  In 
other  words,  the  deviations  from  the  average  are  fully  as  significant 
as  the  average  figure  itseV     k  *°x>T&ng\y ,      tvh&vca  ^ork  is  reiv**— i 
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ii  the  form  of  weekly  averages.  The  total  bacterial  counts 
accompanied  hf  a  statement  showing  the  variations  of  the  tndivid 
|  aonka  mod  the  variations  of  the  individual  bacterial  removals  f 
bacterial  removal*  Id  this  way  the  record  of  what 
arcomph&hed  ia  stated  in  the  most  compact  form* 
method  of  recording  B.  cob  results  is  aho  employed.  The 
in  the  determination  of  this  organism  do  not  permit 
count  of  the  number  really  present,  but  show  merely 
i  or  the  ehscoc*  of  the  bad  Dm.  Quantitative  results  are 
in  a  rough  way  by  applying  the  test  to  various  dilutions  of 
iple.  For  instance,  in  a  disinfected  effluent  the  test  is  applied 
1 0.1,  OjDK  and  0*001  cubic  centimeter,  respectively,  and  the  high 
giving  a  positive  test  is  recorded.  Hitherto  a  bare  sta 
I  of  the  mult*  is  all  that  has  been  attempted  in  the  way  of  giving 
Live  sjgnifiiawf  to  this  test*  But  it  has  been  shown  •  that 
ay  aa  fifty  or  one  hundred  results  of  that  character  from 
i  an  available,  the  probability  law  of  distribution  may 
applied  in  order  to  estimate  the  average  number  of  or 

The  moat  probable  value  for  the  number  of  B.  coti  present 
iple  is  indicated  by  the  reciprocal  of  the  highest  dilution 
1  a  positive  test,  and  while  that  figure  may  be  far  from  the  cor* 
for  any  one  sample,  the  average  of  fifty  estimates  of  this 
closely  approximates  the  actual  value*   The  case  is  analo- 
tbe  well-knoim  farts  in  relation  to  the  expectancy  erf  life  at 
aa  expectancy  of  fife  as  given  in  the  actuarial  tables  has 
•  weight  when  applied  to  any  one  person,  but  in  the  average 
of  persons  it  approximates  the  truth.   The  uum- 
!  H»  eofi  present  in  a  sample  has  therefore  been  recorded  in  this 
Individual  results  have  but  little  weight  and  weekly  averages 
\w  pr^fKTlv  interpreted,  but  monthly  averages  ate  probably 
■age  numbers. 
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the  beginning  of  the  work  at  Boston  in  February,  1 
phases  of  the  disinflation  problem  have  been  under  invest)- 
Tike  following  summary  of  the  studies  shows  their  scope  and 
r:  (a)  Preliminary  experiments  with  chloride  of  lime;  (fr)  studies 
comparative  efficiencies  of  chloride  of  lime,  sulphate  of  cop- 
A  *4«liuni  l^n^tete;  (r)  smail-ecaJe  experiments  to  determine 
comparative  efficiencies  of  free  chlorine,  commercial  liyporhlo- 
roiytfc  hypochlorite^  chlorates  and  perrhlorates,  and 
tea  of  several  lie*e«;  Ui)  itudie*  of  the  comparative  rff 
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of  hypochlorites  on  the  typhoid  and  the  colon  bacilli;  (e)  routine 
disinfection  of  5,000  gallons  a  day  of  trickling-filter  effluent  with 
chloride  of  lime;  if)  disinfection  of  crude  sewage  with  chloride  of 
lime  in  700-gallon  tests.  The  studies  on  copper  sulphate  and  sodium 
benzoate  have  already  been  discussed  (pp.  29-32).  The  remaining 
divisions  of  the  work  are  reviewed  in  the  succeeding  pages. 

PKKLIMINAKY  EXPEIUMENTS  WITH  CHLORIDE  OF  LIME. 

The  results  of  some  preliminary  experiments  in  the  spring  of  1906 
have  already  been  published,0  but  as  they  have  important  bearing 
on  the  present,  work,  a  brief  review  of  them  is  here  presented.  The 
experiments  were  made  with  chloride  of  lime  and  the  effluent  of  a 
trickling  filter  in  which  Boston  sewage  was  being  treated.  Ther 
consisted  of  X\  bottle  tests  in  which  the  available  chlorine  that  was 
added  varied  from  0.25  to  100  parts  per  million,  and  the  time  of 
contact  from  thirty  minutes  to  twenty-four  hours.  They  were  under- 
taken with  the  object  of  establishing  practical  working  limits  for 
available  chlorine  and  contact  |>eriod  for  future  experiments,  and 
particularly  to  determine  whether  the  English  and  Continental  prac- 
tice of  adding  large,  almost  prohibitive,  amounts  of  chlorine  is  justi- 
fied by  the  results. 

This  preliminary  study  indicated  that  an  effluent  similar  to  the 
one  used  can  be  deprived  of  95  per  cent  to  98  per  cent  of  its  total 
bacteria  in  two  hours  by  the  application  of  chloride  of  lime  in  con- 
centrations having  2  to  5  parts  per  million  of  available  chlorine. 
The  impracticability  .of  attempting  to  get  much  better  results  was 
well  shown,  for  complete  sterilization  was  never  accomplished,  though 
coneent rations  of  chlorine  up  to  100  parts  per  million  and  storage 
periods  of  twenty-four  hours  were  employed.  It  was  found  unnec- 
essary, in  brief,  to  use  more  than  5  parts  of  chlorine  or  to  treat  for 
over  two  hours. 

It  is  a  well-known  fact  that,  in  all  processes  involving  the  destruc- 
tion of  bacteria,  it  is  comparatively  easy  to  kill  the  first  95  per  cent 
of  the  germs  and  very  difficult  to  destroy  the  remaining  5  per  cent. 
This  phenomenon  of  the  "resistant  minority,"  as  Whipple  terms  it, 
is  common  to  all  kinds  of  sterilization,  whether  it  be  by  heat,  cold, 
light,  chemicals,  or  other  means.  It  is  therefore  more  practical  to 
determine  how  far  disinfection  may  be  carried  at  a  reasonable  expend- 
iture than  to  attempt  the  ideal  complete  sterilization.  To  state  a 
concrete  example,  it  might  happen  that  the  pathogenicity  of  an 
effluent  could  be  reduced  96  per  cent  by  the  expenditure  of  a  certain 
sum  of  money,  97  per  cent  by  the  expenditure  of  twice  that  sum, 
and  99  per  cent  by  the  expenditure  of  five  times  that  sum.  The 
first  reduction  might  represent  a  feasible  plan,  and  the  last  a  pro- 
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calculated  from  these  observations.  The  disinfectant  solution  flowed 
into  the  open  trough  previously  mentioned,  where  it  mingled  with 
the  effluent.  Further  opportunity  for  mixing  occurred  during  the 
passage  down  the  central  channel  of  the  sedimentation  tank.  Sam- 
ples for  bacterial  examination  were  collected  with  the  usual  pre- 
cautions, before  the  effluent  had  reached  the  wooden  trough  into 
which  the  disinfectant  solution  was  run  and  also  at  the  final  outlet 
of  the  sedimentation  tank  after  the  combined  effluent  and  disinfec- 
tant had  been  in  contact  for  a  period  somewhat  less  than  two  hours. 
These  samples  are  described  as  initial  and  final,  respectively. 

The  chemical  composition  of  an  effluent  has  an  important  influence 
on  the  germicidal  value  of  most  disinfectants,  particularly  chloride 
of  lime.  The  chlorine  applied  is  eventually  completely  consumed  by 
chemical  reaction  with  the  organic  matter  of  the  effluent,  and  the 
germicidal  action  takes  place  in  the  interval  of  time  between  the 
addition  of  the  chlorine  and  its  final  exhaustion  by  chemical  reaction. 
The  amount  of  organic  matter  present,  therefore,  practically  deter- 
mines the  amount  of  chlorine  that  it  is  necessary  to  use.  For  this 
reason  the  chemical  analyses  of  the  combined  effluent  are  recorded 
by  monthly  averages  in  Table  16.  The  monthly  averages  of  the 
analyses  of  the  disinfected  and  settled  effluent  are  also  included  to 
show  the  chemical  character  of  the  effluent  after  treatment. 

Tablf,  If).  -Chemical  analyses  of  tricHing-filUr  effluent  at  Boston  before  and  after  disin- 
fection in'th  chloride  of  lime  arid  sedimentation;  monthly  averages. 
[  Parts  per  million.! 
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This  disinfection  experiment  was  started  November  ]  l ,  l'tn;,  hm\ 
inued  practically  without  interruption  till  June  27 f  1908,  a 
period  of  thirty-three  weeks.  The  value  of  such  continuous  experi- 
mtnt  m  obvious.  A  certain  length  of  time  is  always  required  for 
for  the  establish  merit  of  uniform  working  conditions,  not  only  in  the 
ptfBOnaJ  element  but  in  the  tanks  themselves.  Furthermore,  short 
«perial  experiment  receive  an  unusual  and  perhaps  unfair  amount 
t cmr©  and  attention,  which  is  not  bestowed  on  work  that  has  become 
of  the  routine,  and  the  natural  defects  of  the  processes  under 
tical  working  conditions  are,  therefore,  not  always  discovered, 
le  most  important  value  of  long-continued  tests,  however,  lies  in 
ieir  being  carried  out  under  various  seasonal  conditions.  Fluctu- 
:  conditions  of  temperature  and  rainfall  fundamentally  affect  the 
and  influence  the  wrork  of  the  filter,  h  is  emiM^ueutlv  <>f 
importance  to  determine  the  efficiency  of  any  purification 
under  an  extreme  range  of  seasonal  conditions.  It  fortu- 
nately happened  that  the  present  experiments  were  continued 
through  an  unusually  cold  w  inter  and  through  the  hot  tent  portions 
of  an  exceptionally  hot,  dry  summer. 

Table  17  contains  the  results  of  the  experiments,  given  in  weekly 
iverapes,  which  are  the  mean  of  four  to  six  daily  results.  During 
firnt  five  weeks  the  available  chlorine  added  wns  about  six  parte 
million,  but  during  the  remainder  of  the  period  this  concent  ra- 
sa was  reduced  to  between  two  and  four  parts  without  materially 
Tec  ting  the  results,  The  average  results  for  the  whole  period  am 
indicated  in  the  last  line  of  the  table. 
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TV  average  efficiencies  as  measured  by  the  per  cent  of  bacteria 
I  for  the  whole  period  unci  for  certain  shorter  periods,  selected 
the  effect  of  different  concentrations  of  chlorine  and  of 
conditions  of  temperature,  are  shown  in  Table  is. 

Vk — jtimmfntiom  of  triMut^filUr  tjjtutntat  Boston:  tumtnnry  of  bartfriolugxcat 
mramf  Vp  periodt.  to  ahnw  the  effert  of  thangtt  in  temperature  and  in  the  amount 
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of  the  results  obtained  in  the  periods  November  12  to 
and  January  27  to  March  28  shows  that  the  additional 
trial  removal  gained  by  increasing  the  available  chlorine  from 
6-3  part  -  j«r  milium,  although  it  is  considerable  in  amount,  is 
commensurate  with  the  cost.  The  effect  of  temperature  on 
Iht  bacteria)  removal  is  shown  in  the  periods  from  January  27  to 
March  28  and  April  27  to  June  27.  The  mean  temperature  is  30°  F. 
m  ooe  period  and  60°  F.  in  the  other,  while  the  available  chlorine  is 
practically  the  same  in  both  periods,  though  slightly  higher  during 
tW  period  of  lower  temperature.  An  advantage  in  favor  of  the  sum* 
Mr  results  E*  noticeable,  and  it  would  probably  have  been  a  little 
prater  with  exactly  the  same  amount  of  chlorine.  Yet  the  results 
•specially  thai  the  effect  of  temperature  on  efficiency  is  not 
This  (Miint  is  of  special  significance  in  comparing  the  results 
f  chlorine  disinfection  with  those  obtained  with  copper.  In  ex  peri* 
•  •pprr.  tempt* nit urc  has  been  shown  to  produce  a  marked 
ct»  the  concentration  of  copper  must  be  doubled  during 
winter  months  to  maintain  the  efficiency  of  the  process.  The 
removals  in  the  several  groups  of  bacteria  recorded  are 
the  same,  though  the  removal  of  B.  coli  is  higher  in  all  cxperi- 
slsv  It  is  probably  safe  to  assume  that  the  removal  of  the  typhoid 
and  other  pat  biogenic  organisms  will  be  as  nearly  perfect  as  the 
removal  noted  in  any  of  these  groups,  The  per  cent  removals  of 
shown  by  the  counts  at  37°  C.  and  by  the  B.  co/t  results 
j  represent  most  nearly  the  per  cent  removal  of  typhoid 


been  stated,  the  reliability  of  a  dmitif ecVum  ptowsa  *\eytTu\% 
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age  efficiency.  For  that  reason  the  per  cent  removal  of  total  1 
has  been  computed  for  each  of  the  158  individual  teats,  and  the  i 
of  the  calculations,  given  in  Table  19,  show  that  the  per  cent  i 
was  between  98  and  100  per  cent  in  over  half  the  individual 
and  that  it  was  leas  than  94  per  cent  in  only  15  per  cent  of  the 1 

Tablk  19. — Relation  between  individual  tests  of  bacterial  removal  and  the 

at  Boston. 
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Leas  than— 


100 
96 
96 
94 
92 
90 
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75 


Average,  96.3 


a  Number  of  Individual  tests,  158. 


The  number  of  bacteria  remaining  in  the  disinfected  effluent  hay 

been  tabulated  in  a  similar  manner,  in  order  that  the  bacterial  quality 
of  the  final  effluent  may  be  properly  understood.  The  results  are 
given  in  Table  20. 


Tablk  20.—  Relation  between  individual  bacterial  counts  and  the  average  result  at  Boston* 


I  Total  number  of  bacteria  per 
-      ,i  cubic  centimeter. 

Percent  of  total  ! 
I  nmnlwr  of  tcsts.« 


47 

23 
20 
5 
3 
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Not  less  than—.    Less  than— 


100 
10.000 
25,000 
60,000 
100.000 
200,000 


10,000 
25,000 
50,000 
100,000 
200,000 
250,000 


Total,  100  Average,  24,000 

*  Total  nunilwr  of  tests.  15S. 

The  average  of  the  158  individual  tests  of  bacterial  removal  is  96.3 
per  cent,  as  compared  with  06.8  per  cent  removal  (see  Table  17,  p.  42) 
obtained  from  the  average  numbers  for  the  whole  period.  The  first 
figure  is  more  nearly  correct  for  estimating  the  efficiency  of  the  proo* 
ess;  but  it  is  evident  that  the  last  figure,  which  is  more  commonly 
employed  in  such  work,  gives  the  average  result  with  sufficient  accu- 
racy.   The  somewhat  tedious  calculation  oi  ike  individual  rem) 
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ibrir  variation*  has  been  madl*  only  for  the  total  bacteria;  but 
the  twtlU  suffice  to  show  that  the  average  per  rent  removal  of  bac- 
i, computed  from  the  average  initial  and  final  counts,  is  practically 
I  as  the  average  of  the  per  cents  calculated  from  the  individual 
.and  that  there  is  a  certain  variation  in  the  results  to  the  extent 
Aa  to  the  other  group*  of  bacteria  studied,  it  is  sufficient  to 
Hate  that  similar  computations  with  them  gave  practically  identical 
lu,  aubject  to  much  the  same  deviation*. 
In  order  to  study  the  effect  of  varying  the  time  of  contact  w  itli  tlie 
fert&nt,  samples  of  the  trickling-filter  effluent  were  collected  from 
mixing  trough  after  the  disinfecting  solution  hail  been  added. 
Iter  these  sampled  hat!  been  well  shaken,  determinations  were  made 
of  the  number  of  bacteria  remaining  at  the  end  of  ten  minutes.  fifteen 
ne  hour,  and  two  hours,  the  sample  l><  iriLr  -liaken  each  time 
rr  withdrawing  the  test  portion.    The  number  of  bacteria  in  the 
?ot  before  treatment,  as  determined  on  a  separate  sample,  was 
*rn  250,000  and  I,000,00(j  |>er  cubic  centimeter;  but  the  nuni- 
in  all  testa  have  been  converted  to  a  uniform  basis  of  1 ,000.1  i(H) 
I  bacteria  per  cubic  centimeter  for  more  ready  comparison  of  the 
Jta  ill  Table  21. 
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The  rapidity  of  the  action  t.f  the  disinfectant  is  somewhat  sur- 
tf  and  it  indicates  that  lon^  periods  of  contact  are  unneceaaary. 
is  evident  that  the  greater  part  <»f  tlie  di.sinfcct  i<»u  accomplished 
ithin  tho  first  fifteen  minutes,  nod  t  hat  a  contact  period  of  one  hour 
probably  ample  for  practical  work.    Another  feature  of  lateral  so 
experiment  i*  it*  Waring  mi  tlie  character  of  tlvfc  wvVVuwwV  \\\ \Jwb 
lection  tank*.    It  has  l»ccn  su^i  \n\  that  gMfatM  *w\\ 
tt  cmnim  down  with  it  iar^e  numbers  ot  the  W  wtu\  vWv 
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recorded  as  being  removed,  though  they  may  be  still  vigorous  within 
the  protecting  body  of  solid  matter.  It  is  undoubtedly  true  that 
ordinary  sedimentation  tanks  remove  a  considerable  number  of  bac- 
teria, and  the  actual  removal  is  doubtless  even  greater  than  would 
appear  from  the  data,tnving  to  multiplication  during  sedimentation. 
But  in  their  slow  descent  through  the  liquid,  such  bacteria  are  subject 
to  the  action  of  the  chlorine,  the  supply  of  which  is  constantly  renewed 
by  the  downward  movement  of  the  particles.  The  major  portion  of 
such  sediment  is  suspended  in  the  liquid  for  periods  varying  from 
fifteen  minutes  to  an  hour,  during  which  time  the  chlorine  has 
evidently  ample  opportunity  to  act.  In  the  series  of  tests  just 
described  this  sediment  was  included  in  the  bacterial  determinations. 
It  is  interesting  to  note,  therefore,  that  the  average  reduction  of 
bacteria  at  the  end  of  two  hours  was  99.93  per  cent,  while  the  routine 
tests  on  the  same  days  in  the  sedimentation  tank  gave  an  average 
reduction  of  99.96  per  cent,  results  practically  identical.  The 
sediment  is  apparently  as  completely  disinfected  as  the  supernatant 
liquid,  but  naturally  an  accumulation  of  sediment  at  the  bottom  of 
the  tank  would  soon  rid  itself  of  chlorine  and  permit  the  multiplica- 
tion of  the  remaining  bacteria.  Such  secondary  growth  of  bacteria, 
however,  has  no  sanitary  significance,  since  it  has  been  satisfactorily 
shown  that  the  pathogens  do  not  develop  in  such  manner  outside  the 
body. 

These  results  demonstrate  the  entire  feasibility  of  satisfactorily 
disinfecting  trickling-tiltei  eilluents  with  chloride  of  lime,  and  they 
indicate  that  about  o.o  parts  per  million  of  available  chlorine  and  a 
contact  period  of  about  one  hour  are  ample  for  an  effluent  like  that  on 
which  the  experiments  were  made.  A  general  discussion  of  the 
results  in  their  practical  application  to  the  disinfection  problem  with 
special  reference  to  costs  is  given  on  pages  63-70. 

DISINFECTION  OF  CRUDE  SEWAGE. 

Under  certain  circumstances  it  may  be  necessary  and  desirable  to 
disinfect  the  crude,  sewage  of  a  community,  though  such  a  procedure 
would  not  as  a  rule  be  considered.  It  can  never  take  the  place  of 
purification  except  by  the  use  of  excessive  amounts  of  disinfectant; 
and  by  destroying  the  bacteria  always  present  it  simply  delays  the 
natural  processes  of  reduction,  allowing  them  to  proceed  at  a  later 
time,  possibly  after  the  solid  matter  has  had  time  to  settle  to  the 
bottom  of  a  stream  where  the  greatest  nuisance  will  be  caused  by  its 
decomposition.  It  might  happen,  however,  that  a  sufficiently  great 
dilution  to  preclude  anaerobic  action  and  a  sulliciently  swift  current 
or  tidal  How  to  prevent  sedimentation  would  obviate  all  danger  of  a 
nuisance  except  from  a  bacterial  sU\\v\\>oSx&.  ^wOfc  w&&\sw&  are, 
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ealized  in  our  seaboard  cities,  where  then.1  may 
ljsical  nuisance,  but  where  bacterial  pollution 
of  the  harbor  waters  may  be  undesirable  for  various  reasons. 

The  disinfection  of  crude  sewage  was  studied  because  it  was 
believed  that  experiments  with  the  material  might  help  to  solve  the 
general  problem*  The  relations  between  available  chlorine, 
•mount  of  organic  matter,  and  germicidal  effect  suggest  that  an 
cxcemve  amount  of  organic  matter  in  raw  sewage  might  affect  the 
efficiency  of  the  chloride  of  lime  treatment  by  combining  directly 
with  the  chlorine  and  thus  preventing  its  activity.  The  quality  of 
the  organic  matter  might  also  influence  the  result ;  for,  as  the  organic 
matter  of  crude  sewage  is  more  readily  oxidizable  than  that  of  an 
effluent,  it  might  be  expected  to  consume  a  greater  amount  of  chlorine 
than  the  hitter  in  a  short  time.  The  experiments  with  crude  sewage 
were  undertaken  with  the  object  of  studying  such  features  and  of 
ascertaining  the  concentrations  of  chlorine  necessary  to  etTed  a 
taiiafactory  removal  of  the  bacteria  in  crude  sewage,  having  in  view 
the  possible  disinfection  of  crude  sewage  itself  and  the  establish- 
of  a  maximum  limit  of  available  chlorine  in  tl>e  treatment  of 

The  detail*  of  these  experiments  differ  somewhat  from  those  of  (ho 
[fluent  tests  that  have  U?en  descril>ed.  In  treating  an  efiluent , 
alimentation  is  an  advantageous  process  by  itself  arid  ran  be  use- 
employed  as  an  adjunct  in  disinfection,  but  in  t mating  raw 
the  removal  by  sedimentation  of  large  amounts  of  organic 
er  in  an  unoxidized  condition  is  undesirable  and  is  not  per- 
missible in  practice,  In  the  experimental  work,  therefore,  it  was 
?vent  sedimentation  during  the  treatment. 
A  rectangular  tank  having  a  capacity  of  about  700  gallons  was 
up  Joyed  for  the  experiments.  A  2-inch  pipe  led  from  the  bottom  of 
t&nk  to  a  pump  with  sufficient  capacity  to  draw  out  I  he  entire 
contents  of  the  tank  in  half  an  hour.  The  outlet  pipe  from  the  pump 
rharged  "Ho  the  top  of  the  tank,  ami  tin*  rapid  circulation  main* 
d  in  the  sewage  in  this  manner  -luring  the  ox  peri  mat  made 
aentalion  of  solids  practical  I  >  impossible  Before  the  beginning 
the  test  the  sewage  was  pumped  through  the  system  for  fifteen 
j te»t  in  order  to  insure  thorough  mixing;  then  a  sample  was 
rted  for  chemical  and  bacterial  analysis,  and  the  calculated 
oiint  of  disinfectant  solution  was  slowly  poured  intu  the  inflowing 
XL  The  force  of  this  stream  entering  the  tank  from  a  height  of 
jt  six  feet  churned  the  sewage  thoroughly  and  assured  rapid  and 
complete  mixing.  Samples  were  collected  at  the  end  of  the  second 
and  fourth  hours  for  determination  of  the  tnta\  (pW(tft)|  *X 

t   mml  t*f  the  man  faf  ot  //.  coli.    The  available  c\\V  *nue  ouyyVv$*& 
74~immm  OP  i 
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was  ten  parts  per  million.   In  the  first  series  of  tests  the  total  t 
of  chloride  of  lime  was  added  at  fast,  but  iathe  second  MM  i 
added  in  four  portions  at  hourly  intervals, 
in  Table  22 . 

Table  m.—Dinnfcction  of  truth  tcumge  with  chloride  of  tim*  al 


Averojru  

Number  of  B.  coll  porcuNc  cjujUniiitar; 


At  end  of 


10 


14,000 
22*000 


*  Aviiirnhle  chltirlne.  10  part*  T*r  million, 
b  tH-rlPS  L  Chlorine  addo-l  at  start,   ticrio*  2. 


Chlorine  uddH  In  four  equal  hourly  portions, 


The  average  reduction  of  total  bacteria  in  the  first  series  was  99.75 
per  cent  at  the  end  of  two  hours,  and,  owing  to  multiplication  of 
bacteria,  99.26  per  cent  at  the  end  of  four  hours*  In  the  second 
series  the  reduction  in  two  hours  was  only  98,3  per  cent,  five  parts 
per  million  of  available  chlorine  having  been  added  up  to  that  time, 
and  the  addition  of  another  five  parts  of  chlorine  brought  the  total 
reduction  up  to  90.96  per  cent  at  the  end  of  four  hours.  This  indi- 
cates that  there  is  a  distinct  advantage  in  adding  the  disinfectant  ia 
successive  portions,  but  the  increased  efficiency  in  this  case  was  not 
great,  and  it  is  doubtful  whether  it  would  generally  be  sufficient  to 
compensate  for  the  more  complicated  method  of  operation. 

The  figures  for  B.  coli  have  little  individual  significance,  but  the 
average  values  indicate  a  removal  of  B.  coli  of  99.93  per  cent  and 
99,97  per  cent  after  two  hours  and  four  hours,  respectively — values 
that  are  considerably  better  than  those  do  rivet!  for  the  total  bacteria. 
The  results  of  the  disinfection  of  crude  sewage  therefore  agree  with 
those  obtained  with  the  filter  effluent.  It  is  also  apparent  from  tlw» 
experiments  that  ten  parts  per  million  of  available  chlorine  ore  ample 
to  disinfect  the  crude  sewage  of  Boston,  and  it  is  probable  that  eve&i 
less  concentration  would  give  satisfactory  results.  It  is  evident  afe* 
that  two  hours  is  a  sufficient  contact  period,  little  advantage  being 
gained  by  makr~~  :*  ^nger. 
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190H,  a  third  series  of  experiments  with  crude  sewage 
to  dbigniiipp  the  minimum  amount  of  chlorine  and  of  con- 
|MWil>li>  for  satisfactory  disinfection.   Those  tests  were 
Up*  thorn  of  the  first  series,  except  that  the  avails  Mr 
varied  each  day,  M  that  Q0  successive  days  it  amounted 
,  four,  eixt  eight ,  and  ten  parts  per  million,  respectively.  On 
h  day  it  wan  started  again  at  two  parts.    In  this  way  the 
chlorine  concentration  was  studied  with  as  little  interference 
able  from  other  variable*,  such  as  temperature  and  character 
sewage.    A  two-hour  period  of  contact  was  given,  and  in  ad- 
to  the  initial  sample,  in  each  test,  samples  were  collected  after 
i  boor,  one  hour,  and  two  hours.   The  results  of  this  series  are 
in  Table  21 
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ate  that  a  large  amount  of  chlorine  is  consumed 

 I  two  hours.    Two  parts  per  million  am  consumed 

half  an  boor  and  ten  parts  per  million  air  not  sufficient  to 
t  the  subsequent  growth  of  bacteria.    It  has,  however,  already 
that  such  subsequent  growth*  have  no  significance 
may  of  the  disinfection  from  the  standpoint  of  Die 
of  the  sew ap*  is  measured  by  the  maximum  TOdttcttafe, 
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The  average  initial  and  minimum  figures  and  the  per  cent  of  bactaift 
removed  for  each  concentration  of  chlorine  are  brought  together  in 
Table  24. 

Table  24.— Disinfection  of  crude  sewage  with  Monde  of  time  at  Boston;  summmf  tf 

results. 


Available 
chlorine  (in 
parts  per 
million). 

Average  number  of  bacteria  per 
cubks  centimeter. 

Bacteria 
removed. 

Average  initial. 

Average 
minimum. 

2 
4 

6 
8 
10 

1,400,000 
1,800,000 
2,200,000 
1,900,000 
1,800,000 

210,000 
28,000 
6,000 
1,200 
700 

Percent. 
86 
08.7 
09.7 
09.94 
90.96 

These  experiments  were  not  sufficiently  prolonged  to  furnish  ]■ 
plete  data  on  the  process,  and  it  is  not  at  all  unlikely  that  at  anothtf  i 
season  of  the  year  somewhat  different  results  might  have  been  ob»:fl 
tained,  though  it  has  been  shown  in  connection  with  the  work  mM 
effluents  that  the  temperature  effect  on  the  disinfection  itself,  otitfM 
conditions  remaining  constant,  is  but  slight.   The  bacterial  uim 
chemical  composition  of  crude  sewage,  however,  is  affected  by  tett-fl 
perature  to  a  much  greater  extent  than  is  that  of  filter  effluentevB 
The  amount  of  dissolved  oxygen  present  is  an  important  index  to  tha  1 
character  of  the  sewage  or  the  effluent  in  reference  to  its  effect  on 
chlorine  ;  absence  of  dissolved  oxygen  in  particular  indicates  ready  | 
oxidizability,  which  in  turn  means  the  rapid  absorption  of  chlorine,  j 
It  is  probably  true  that  a  given  amount  of  chlorine  acting  for  a  given 
time  will  bring  about  a  definite  reduction  in  the  total  number  of 
bacteria,  regardless  of  the  character  of  the  treated  liquid.  Unless 
excessive  amounts  of  chlorine  are  added,  however,  the  time  of  coih 
tact  is  determined  by  the  character  and  the  amount  of  the  organic 
matter  in  the  sewage;  consequently  the  more  rapidly  the  cldorine  is 
exhausted  by  this  organic  matter  the  shorter  is  the  time  of  contact 
and  the  less  is  the  bacterial  reduction.    The  sewage  experimented  . 
with  in  these  tests  represents  about  an  average  condition  in  regard  to 
reducibility,  and  it  contained  about  one-half  the  amount  of  dissolved  ; 
oxygen  that  would  be  found  during  the  winter  months.    Results  j 
fully  as  satisfactory  as  these  could  doubtless  be  obtained  during  six  I 
months  of  the  year  with  even  less  available  chlorine.    During  the 
summer  montlis,  when  dissolved  oxygen  is  not  present,  more  chlorine  ( 
than  is  here  indicated  would  be  found  necessary.    The  Red  Bank 
experiments  on  septic  sewage  make  it  probable  that  a  concentration  . 
of  ten  parts  per  million  of  available  chlorine  may  be  taken  as  a  matt'  , 
mum  amount  during  the  summer.  « 

Satisfactory  disinfection  of  crude  Boston  sewage  can  be  acoor 
plished  by  adding  chloride  of  limo  In  swcV\  ^mo\\\&^\Xi*X.\SMB.- 
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chlorine  wQl  Amount  to  about  five  parts  per  million  during  six  months 
of  tee  jfttr,  and  to  between  five  and  ten  parts  during  the  other  six 
■nathi,  or  an  average  amount  during  the  year  of  seven  or  eight  parts 
per  million .  The  addit ton  of  the  disinfectant  in  portions  at  intervals 
Aanag  the  treatment  yields  results  that  are  somewhat  belter  than 
tkor  obtained  by  adding  the  entire  amount  at  once,  but  it  is  not 
potable  that  tlus  advantage  is  commensurate  with  the  additional 
complication*  involved. 

DISINFBCTl  ON  OP  SEPTIC  SEWAGE  AT  RED  BANK,  N.J. 

The  oicceWul  results  obtained  in  the  «li>infeetion  of  trickling-fdter 
effluent*  at  Boston  in  1900  warranted  the  extension  of  the  experiments 
U>  include  a  practical  demonstration;  and  that  step  was  made  possi- 
kfe  through  tbe  eoo|>eration  of  the  New  Jersey  State  Sewerage  Com- 
ejsaon.  Red  Bank,  a  town  of  about  6,500  inhabitants,  situated  on 
Xarwnk  Hirer  in  Monmouth  County,  was  selected  for  the  tests  for 
tan  ihmiqs:  The  works  at  Red  Bank  were  so  arranged  that  the 
ttptriment  couJd  be  undertaken  at  a  minimum  expense  for  new  con- 
aniction;  and,  like  many  other  communities  in  that  section  of  the 
Stela,  tbe  town  waa  discharging  partly-purified  sewage  into  waters  that 
t)jr  reached  important  shellfish  areas.  A  septic  sewage  of  rather 
quality  waa  to  he  treated.  Work  with  an  effluent  of  higher 
bad  been  desired,  but  the  novelty  of  treating  a  septic  sewage 
the  immediate  practical  value  of  the  results  promised  to  make 
cuprriinent  well  worth  undertaking.  The  conditions  resemhled 
deatrihed  on  pages  12-13,  where  it  was  suggested  that  in  certain 
thorough  disinfection  of  crude  or  septic  sewage  will  go  far 
i  accompliidung  all  that  is  needful  At  least  the  most  necesssary 
is-  thus  taken  first,  and  it  is  a  logical  first  step  in  tho  gradual 
anient  iff  sanitary  and  economic  conditions  along  our  water 


I  realized  that  more  chloride  of  lime  would  be  needed  than  had 
in  previous  experiments,  hut  how  much  more  was  not 
The  Boston  results  with  crude  sewage  were  not  available  at 
time,  and  it  waa  to  be  expected  that,  owing  to  the  highly  un- 
character  of  septic  sewage,  even  more  chloride  of  lime  would 
U  m  i  e—ary  than  for  crude  sewage.    The  work  was  started  in  Octo- 
1906.    During  the  fall  the  disinfection  apparatus  was  left  to  the 
ef  a  local  attendant,  and  a  representative  of  the  commission 
id  the  works  twice  a  week  to  collect  samples  for  analysis;  but 
"  deficiencies  in  tbe  dosing  device  led  to  intermittent  and 
Ming,  so  ilml  the  results  obtained  were  far  from  aalisfac- 
.  and  considerable  tune  was  consumed  before  it  was  learned  that 
titan  10  parts  per  million  of  available  chlorine  would  bo  required, 
work  waa  discontinued  when  cold  weather  began,       \V  ^w%a 
ider  m#m»  /aroniMe  t  in  uni*tanci*a  in  1\ms*u\\v\uv\  vA  v*>~ 
»  in  rlwrg*  ttf  Mr,  /Jaaiel*  was  itislnWeA  *\  i\*e  N<v>tVa^  miv\ 


52 


DISINFECTION  OF  SEWAGE. 


the  entire  experiment  was  then  under  careful  observation,  for  samples 
could  he  taken  and  examined  as  frequently  as  might  be  desired.  The 
results  amply  justified  this  course.  The  earlier  work  indicated  the 
probable  strength  of  chlorine  necessary,  and  developed  manj-  defects 
and  weaknesses  in  the  dosing  apparatus,  all  of  wliich  were  remedied. 
The  investigations  that  were  conducted  during  the  summer  of  1907 
only  are  reported. 

The  sewerage  system  of  Red  Bank  is  constructed  on  the  separate 
plan,  with  special  drains  to  carry  off  rain  water.  On  account  of  the 
sandy  nature  of  the  soil  and  the  poor  construction  of  the  sewers 
considerable  storm  water  finds  its  way  into  the  sewers.  The  average 
dry-weather  flow  of  sewage  is  about  265,000  gallons  a  day.  The 
following  description  of  the  disposal  works  will  be  more  readily 
understood  by  referring  to  Plate  I.  After  entering  the  works  the 
sewage  divides  into  two  streams,  passing  through  two  grit  chambers, 
each  r>  by  8  feet  in  plan  and  3  feet  deep  to  the  flow  line.  The  flow 
may  be  entirely  diverted  through  either  tank  to  allow  the  other  to 
be  cleaned  out.  From  these  chambers  the  sewage  flows  to  the  septic 
tank,  which  is  circular  in  plan,  43  feet  in  diameter,  with  a  normal 
depth  to  the  flow  line  of  8  feet  6  inches  at  the  periphery  and  5  feet 
at  the  center,  the  bottom  being  conical.  Its  capacity  at  that  depth 
is  about  82,000  gallons,  or  approximately  an  8-hour  dry-weather 
flow.  For  the  purpose  of  these  experiments,  however,  it  was  nec- 
cs>arv  to  raise  the  flow  line  throughout  the  system  1  foot,  a  change 
that  increased  the  capacity  of  the  tank  to  about  93,000  gallons. 
At  the  side  of  the  tank  opposite  the  entrance  pipe  the  septic  sewage 
passes  out  through  a  submerged  12-inch  pipe  i,  which  later  divides 
into  a  Y.  A  branch  then  runs  downward  to  the  bottom  of  each  of 
the  filters,  thence  horizontally  to  a  point  beneath  the  center,  thence 
upward  into  the  filter,  as  shown  in  the  sectional  view.  The  so-called 
Alters  are  two  in  number,  and  each  is  12  feet  in  diameter.  Tank  a 
is  <»  feet  deep  to  the  flow  line,  with  a  capacity  of  7,600  gallons,  and 
tank  /;  is  S  fret  3  inches  dee]),  with  a  capacity  of  7,000  gallons.  The 
tanks  were  originally  filled  with  stone  and  brick  over  a  false  bottom 
and  were  practically  strainers  for  the  removal  of  suspended  matter. 
Each  filter  is  provided  with  a  12-inch  overflow  leading  to  a  manhole 
outside  the  building.  For  these  experiments  the  filtering  material 
was  entirely  removed  from  both  tanks,  one  of  the  outlets  was  closed, 
and  a  cross-connection  was  put  in  to  conduct  the  sewage  from  the 
lop  of  the  first  tank  to  the  bottom  of  tin*  second.  By  closing  the 
inlet  valve  of  the  latter  the  entire  flow  was  made  to  pass  through 
the  two  tanks  in  series.  Suitable  baffles  were  provided,  as  indicated 
in  the  plan,  so  that  the  entire  capacity  of  the  tanks  could  be  utilized 
to  the  lwst  advantage.  As  i\\v\s  &mu\^ev\,  tank  held  about 
forty-five  minute*  flow,  and  t\\e  el\W\et\c\  ol  ^*s& 
at  the  end  of  forty-five  minutes  vmdi\\i\eVx  uv\\\\ta*. 


.  ft.  GCOKXMCA^ 
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U*  i  if  lime  ffu  used  throughout  the  work*    For  t  he  pre  para  - 
of  the  solution  two  hogshead*  c  and  d  of  about  240  gallons 
tty  each  won*  provided,  one  elevated  over  the  other.    In  the 
r  hogshead  the  requisite  amount  of  bleaching  powder  was  mixed 
h  water  and  allowed  to  settle  over  night.    The  next  morning  the 
supernatant  Liquid  was  drawn  into  the  lower  hogshead.  The 
was  ronnected  directly  with  a  constant-level  tank  c,  controlled 
rk,  on  which  a  glass  hall  and  special  fittings  were  ncces- 
■eni  eornwion.   The  constant-level  tank  was  connected 
cible  rubber  tube  with  the  dosing  tank/— a  box  ft  by  0  inches 
and  8  inches  deep—provided  with  u  thrcc-sixtceiith-inch 
in  one  side  and  suspended  on  one  end  of  a  6-foot  lever  the 
end  «if  which  was  connected  with  a  large  (lout  h  in  tank  a. 
a  was  provided  at  its  outlet  with  a  1-foot  weirf  by  which  the 
level  wad  made  to  vary  with  the  flow.    An  increase  in  the  flow 
inmta*cd  the  elevation  of  sewage  in  the  tank,  thus  raising  float  k 
k!  lowering  the  suspended  box  /  at  the  other  end  of  the  lever, 
are  box  /  was  connected  with  the  constant-level  tank  e ,  the  effect 
mrh  change  was  virtually  to  increase  the  head  over  the  orifice, 
(til*  manner  the  flow  of  the  hypochlorite  solution  was  automat- 
ifly  kept  about  proportional  to  the  flou*of  seWagc.    The  ratio  was 
t  exact,  because  the  variation  in  flow  wkh  the  head  is  not  the 
cue  with  a  weir  an  with  an  orifice,  but  within  the  range  of  flows* 
ni  the  arrangement  was  quite  satisfactory;/  By  discharging  the 
rag*  from  tank  a  through  a  submerged  pipe  instead  of  over  a 
ir  the  ratio  between  the  two  flows  could  lie  kept  the  same  at  all 
id*,    A  »uilahle  gage  was  erected  in  tank  <if  and  the  elevation  of 
p  Be  wage  over  the  weir  ctmt  was  recorded  at  intervals  of  two  hours 
m  6  a.  m  to  6  p.  m.,  or  more  frequently  during  storms.  These 
tdiilg*  were  converted  into  gallons,  and  the  daily  discharges  of 
rage  we  dp  calculated  from  them.    The  night  flow  was  approxi- 
itely  determined  by  calculations  based  on  two  sets  of  hourly 
lerv&tioti*  extending  over  twenty-lour  hour*  and  on  the  relation 
I  bear  act*  of  data  to  the  general  averages  of  day  flows.  When 
I  weir  gage  wan  mid*  reading*  were  also  taken  of  a  gage  in  the 
pfcead  ft  cahbrated  to  read  directly  in  gallons.    By  this  means 
f  hourly  fli»m*  of  disinfectant  solution  were  known  at  all  timea 
J  could  be  compared  with  the  corresponding  sewage  flows. 
Hie  solution  of  bleaching  powder  was  run  into  the  septic  tank 
r  U-t  pipe  t.  where  it  mixed  with  the  main  flow  of  sewage.  The 
ated  sewage  then  passed  through  the  two  disinfecting  tanks  a  and  6 
finally  discharged  into  the  riven    The  extraction  of  the 
rite  waa  not  complete  in  the  one  leaching  given  it.  In 
ere  Urge  quantities  of  it  are  extracted  three  auoooMitve 
m  am  cuatomary  in  order  to  complete  the  c:saxw:V\c>\^  Wv 
feasible  here,  and  the  a\ 
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day  in  hogshead  (/  was  dumped  into  tank  a,  where  it  settled  to  the 
bottom  and  was  slowly  leached  out  by  the  sewage.  In  this  way  all 
the  available  chlorine  was  utilized. 

It  was  necessary  to  have  some  information  about  the  chemical 
composition  of  the  septic  sewage  under  treatment  and  to  make  cer- 
tain chemical  tests  of  the  effluent.  For  this  purpose  samples  of  the 
septic  sewage  and  of  the  disinfected  effluent  were  collected  daily  and 
determinations  of  the  oxygen  consumed  were  made  on  them.  These 
estimates  gave  a  comparative  indication  of  the  strength  of  the 
sewage  from  day  to  da}'.  Daily  determinations  of  dissolved  oxygen 
in  the  final  effluent  were  also  made,  and  the  effluent  was  tested  for 
fret1  chlorine.  The  septic  sewage  never  contained  any  dissolved  oxy- 
gen, and  under  normal  conditions  the  effluent  would  be  in  the  same 
condition,  but  the  application  of  free  chlorine  to  sewage  gives  rise  to 
chemical  reactions,  whereby  free  oxygen  is  formed.  This  is  largely 
consumed  in  the  oxidation  of  the  organic  matter,  but  nevertheless 
some  free  dissolved  oxygen  was  always  found  in  the  effluent.  The 
presence  of  this  oxygen  is  of  great  value  in  the  further  self-purifica- 
tion of  the  sewage  after  reaching  the  river.  Free  chlorine  was  never 
found  in  the  final  effluent.  Its  presence  would  be  highly  injurious 
to  fUh  life,  and  disinfection  processes  of  this  nature  must  always  be 
so  controlled  that  no  injurious  chemical  can  escape  into  the  stream. 
In  addition  to  the  daily  determinations  just  mentioned,  composite 
sterilized  samples  wen*  preserved  and  sent  to  Boston  regularly, 
where  they  were  submitted  to  complete  chemical  analysis.  Regular 
chemical  analyses  of  the  bleaching  powder  and  daily  assays  of  the 
disinfectant  solution  were  made. 

The  results  of  the  work  at  Red  Bank  are  given  in  the  form  of 
weekly  averages  in  Table  2.">,  and  the  relation  between  thejndividual 
and  the  average  results  are  shown  in  Table  20. 

Tami  k  lV>.    Ih'sirtfcrtion  nf  srptif  svtrafft  with  chloride  nf  lime  at  Hal  Banl\  N.  J  ', 
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Relation  between  indiiridual  trittx  of  bacterial  removal  awl  the  m-erayc  result 
at  Red  Bank,  .V,  J 
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During  th*  period  August  19  to  August  ;i1t  tho  available  chlorine 
ns  mJurwl  tu  about  7.5  parts  per  million.  A  removal  of  the  total 
Wteria  amounting  to  about  95  per  cent  and  of  /f,  colt  amounting  to 
2  per  cent  after  three-quarters  of  an  hour  and  09  per  cent  after 
one  ami  a  half  hour*  was  obtained,  but  the  individual  results  were 
*ery  erratic,  and  it  was  apparent  that  an  insufficient  amount  of 
dtlorin*  wo*  being  added.  The  chlorine  w«>  therefore  increased 
again  to  about  12  parts  per  million  and  kept  there  during  the  remain- 
der uf  thtf  experiment.  The  averages  in  the  last  line  of  Table  25  do 
n»H  include  the  results  for  the  above-mentioned  period.  The  average 
prreent  removal  of  total  bacteria  was  09.7  at  the  end  of  45  minutes, 
ml  the  corresponding  B.  coll  figure  is  99.9C*.  In  90  minutes  the 
aTernge  per  cent  removals  were  99. S  and  99.97,  respectively.  It  is 
rather  striking  that  such  results  run  be  obtained  with  \2  parts  per 
Bullion  of  available  chlorine,  while  the  results  arc  poorer  and  very 
attck  with  7.5  parts.  The  explanation  is  probably  found  in  the 
dmracter  of  the  sewage,  which  was  very  roneeutrated  in  it-  raw  shite 
•nd  hail  passed  through  a  septic  tank  that  was  working  vigorously. 
A  large  amount  of  hydrogen  sulphide  was  contained  in  the  septic 
wag*.  Tho  characteristic  odor  of  this  substance  was  extremely 
aireaMe  in  the  vicinity  of  the  works,  and  the  addition  of  chlorine 
the  sewage  produce*)  a  milkmen,  due  to  the  liberation  of  freeaul- 
Tit ration  of  the  sq»tie  ^.u.i^e  in  the  mid  vsith  potassium 
uanganatc,  a  .nubstanec  le—  easily  reduerJ  than  chlorine,  indi- 
Unit  enough  hydrogen  sulphide  and  other  easily  oxidixaUe 
were  present  t*>  rcduee  iuManfly  about  five  or  six  part* 
1km  of  chlorine.  Consequently  the  efficient  results  in  this 
iment  were  in  reality  obtained  with  about  nix  parts  of  available 
rine  and  the  poor  ones  with  about  three  parts, 

disinfection  of  ^  pte   sewage  evidently  require*  %o 
JoniM*  that  tlw  4\X}H*ttsr  will  be  considemtAe.     \\  \\\\\  y\vAn\VY 
1  l€i  ukv  twice  a*  mxivh  r  hlorine  for  septic  ftuvragp  oaW 
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responding  crude  sewage.  The  combination  of  septic  action  and 
disinfection  eliminates  the  suspended  matter  and  the  bacteria  from 
the  sewage  and  in  many  localities  would  constitute  a  very  desirable 
system.  In  practice,  however,  the  order  of  the  processes  should  be 
reversed.  The  disinfection  of  the  crude  sewage  can  be  done  in  a 
small  tank  of  an  hour's  capacity.  The  disinfectant  should  be  so 
regulated  that  little  or  no  chlorine  would  flow  into  the  septic  tank 
Unless  a  considerable  amount  of  chlorine  should  thus  escape  at  one 
time  there  would  be  no  objectionable  effect  on  the  action  in  the 
tank.  There  would  be  a  great  multiplication  of  bacteria  in  the 
tank,  so  that  the  number  in  the  final  effluent  would  probably  be  as 
great  as  in  the  raw  sewage,  and  perhaps  even  greater.  Nevertheless, 
the  disinfection  would  be  as  effective  on  the  pathogens  as  if  it  were 
applied  as  a  final  process.  The  subsequent  development  of  sapro- 
phytes would  have  no  sanitary  significance  and  would  doubtless  be 
of  real  value  in  the  subsequent  self-purification  of  the  organic  matter 
after  it  had  been  discharged  into  the  stream. 

DISINFECTION  OF  TRICKLING-FILTER  EFFLUENT  AT  BALTIMORE*  j 

Reference  was  made  in  the  history  of  the  experiments  to  the  coop- 
erative arrangement  between  the  United  States  Geological  Survey 
and  the  Baltimore  sewerage  commission.  In  December,  1907,  the 
sewerage  commission  undertook  a  study  of  disinfection  methods  at 
its  Walbrook  testing  plant.  The  writer  assisted  in  planning  this 
work,  and  was  consulted  from  time  to  time  during  its  progress.  The 
disinfection  experiments  were  made  a  part  of  the  routine  work  of  the 
testing  station,  and  they  were  carried  out  by  the  station  stalf.  A 
complete*  review-  of  this  investigation,  the  most  important  and  most 
comprehensive  one  on  the  subject  ever  conducted,  will,  it  is  hoped, ; 
be  made  by  the  sewerage  commission  in  the  near  future.  The  pres- 
ent report  has  been  made  as  brief  as  possible  and  includes  only  the 
work  done  before  June  :*0,  190N. 

The  Walbrook  testing  plant,  in  the  extreme  western  section  of 
Baltimore,  was  built  for  use  in  investigating  certain  problems  in 
connection  with  the  disposal  works  now  being  built  at  Back  River, 
the  main  features  of  which- -screening,  sedimentation,  treatment  on 
trickling  filters,  and  final  sedimentation — had  already  been  decided 
upon.  Information  was  specially  desired  as  to  the  probable  bacterial 
efficiency  of  such  a  process  and  as  to  the  necessity  for  further  treat- 
ment of  the  diluent,  because  the  statutes  of  the  State  of  Maryland 
require  rather  high  bacterial  efficiency.  As  a  detailed  description  of 
the  testing  plant  has  already  been  published,0  it  is  sufficient  testate 
that  a  small  section  of  the  city  was  sewered  and  that- sewage  amount- 


n  V.uyi.  vol.  !VT ,  1907,  p.  235. 
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>  about  A0,000  gallons  a  day  was  brought  io  the  plant  and 
tl  by  a  system  comprising  a  £rit  chuiubcr,  a  sup  tic  tank,  triek- 
*edjnu*ntation  tanks.  Trickling  filters  of  several 
?>  and  atom  of  material  are  employed*  The  sewage  is  rather 
err  than  ordinary  city  sewage*  and  is  very  fresh.  The  effluent 
[n  the  disinfection  studios  earne  from  a  filter  12  feet  deept  built 
tone  ranging  in  size  from  0.5  inch  to  1 .5  inches.  The  rate 
fluctuated  with  the  flow  of  sewage,  but  it  averaged  about 
000  gallon  an  am  a  day.  The  effluent  was  conducted  to  a 
entatinn  basin  designed  to  give  a  two  hours'  flow.  The  disin- 
it  employed  throughout  this  investigation  was  chloride  of  lime, 
Fed  and  added  to  the  effluent  in  practically  the  same  manner 
Beaton,  aa  the  effluent  left  the  filter  drain.  The  disinfecting 
bo  and  the  effluent  mixed  during  the  short  flow  through  a  pipe 
n  basin. 

of  the  analyses  of  this  effluent  as  it  left  the  filter 
ion  and  sedimentation  are  given  in  Table  27. 
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Ltal  and  final  bacteriological  samples  were  collected  an  usual 
ffud  oounta  were  made  three  times  a  day  for  five  days  each  week 
Saturday.   B.  coli  determinations  were  made  twice 

28.  2fK 
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gives  the  average  weekly  results;  Table  29  shows  the  relation  between 
the  removal  of  bacteria  in  individual  samples  and  the  average 
removal;  Table  30  indicates  the  relation  between  -the  number  of 
bacteria  in  the  individual  samples  and  the  average  number. 

Table  28. — Disinfection  of  trickling-filUr  effluent  with  chloride  of  lime  at  EaUmm; 

weekly  averages. 
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5,500 
3.100 
2,000 

1,900 
1,000 
1,500 
4,000 
3,000 

1.400 
1,000 
1,100 
2,400 

4,100 
2,800 
13.000 
18.000 

3.500 
2.200 

21,000 
1.800 
2.900 

7,500  I 


600 
200 
250 
05 

73 
70 
400 
440 
100 

80 
60 
80 
160 

120 
70 
110 

350 

110 
70 

3,000 
440 
1,100 


Number  of 
add  formers 
per  cubic  cen- 
timeter at 
3TC. 


Initial.  Final 


8,000 
3,000 
2,200 
000 

050 

400 

700 
3,000 
1,100 

900 
500 
600 
1,500 

2.100 
1.000 

3.600 
7,000 

2.400  ■ 
1,000  ; 

9.500  t>730 
300  18 
430  0 


107 
58 
165 
8 

4 
4 

00 
180 
17 

2 
3 
15 
3 

10 
2 

25 
110 

3 
9 


Numbers! 
B.  coU  par 

cuMe  <  — 


Initial. 


390  2,400 


3.800 
1,700 
3,«0 
1,300 

2,000 
600 
440 
750 

2,400 

1,600 
1,400 
2,009 
800 

2,100 
3.700 

5.500 
2,200 

1.400 
1,800 

000 
3.000 
800 


i.ooo 


m 

W 

m 


m 

m 

an 

i» 

41 

101 
901 


'» Jackson  bite  media  used. 


ft  High  average  due  to  one  count  of  8,000. 


Tabi.k  29.    Relation  hettiren  indiridnal  tests  of  bacterial  remowl  and  the  average  rault 

at  Baltimore. 


IVr  cent  of  total 
tests." 


14 


Per  cent  of  bacterial 
removal. 


Total.  100. 


Not  less 
than— 


9ti 
94 
92 
90 
85 
75 


40 


I^ess  than — 


100 
98 
9o 
94 
92 
90 
S5 
75 
65 
40 


Average,  95.5. 


"Total  niimtor  of  tests,  255. 
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90. — Relatkm,  btUaun  individual  bacterial  count*  and  the  average  result  at 
Baltimore , 


Par  cent  of  total 

Number  of  t>ort«r1a  f*>r 
cubic  centimeter 

Not  IfIRS 

Less  lb Mt- 

m 

.00 

1,000 

B 

%tm 

1 

2.1100 

i 

3,  mo 

4,000 

4 

1,000 

s.ooo 

I 

MWO 

u^nn 

3 

(t,000 

*,onn 

8,000 

MOOO 

1(J,(M>0 

TouJ,  J  on. 

«  Total  nuinkr  of  te*t», 

The  average  of  the  individual  bacterial  removals  is  95.5  j>er  cent. 
Tbe  per  cent  removal  calculated  from  the  average  Humbert  in  Table 
;  is  06.6  per  cent.    The  average  efficiency,  as  in  the  Boston  experi- 
tnay  be  expressed  in  the  hitter  form  with  sufficient  accuracy, 
this  shorter  method  is  employed  in  the  other  bacterial  eompu- 
ilion*,  by  which  the  efficiencies  in  Table  SI  were  obtained. 

31. — Artragt  bfteUrttil  rmunat  during  thr  dixinffrhnn  <*/  tm i I ««#/- jilur  effluent 
at  Baltimore. 


I  bacteria  »l  2tl*  (\ 
!  bacteria  at  37*  Q- 
funnet*  at  37*  C. 


07.0 
W).  (J 


The  average  results  agree  practically  with  those  obtained  at 
BoiitotL  The  trickling-filter  effluent  at  Baltimore  was  of  better 
quality  than  that  at  Boston  and  leas  chlorine  was  used.  The  avn  - 
age  amount  of  available  chlorine  was  2.2  parts  per  million,  as  com- 
pared  with  3.4  parts  at  Boston,  Though  the  average  reduction  of 
total  bacteria  at  both  places  was  practically  the  same,  the  variations 
were  greater  at  Baltimore,  and  they  indicate  that  a  somewhat  greater 
amount  of  chlorine  would  materially  improve  the  results.  It  it 
probable  that  three  parts  \»>v  million  «>f  u\ iiiluhlr  rhlmmr  an*  U-si 
fur  treating  this  effluent.  The  /J.  cvli  results  are  not  in  harmony 
with  the  rest  of  the  figures.  In  all  the  work  at  other  places  the 
removal  of  B.  coli  has  been  without  exception  better  than  the  nfr- 
avoval  of  the  total  organisms.  Soon  after  the  beginning  of  the 
Baltimore  studies  it  was  noticed  that  the  removal  of  It.  rn/i,  sm  indi- 
cated by  the  bile  test,  was  far  lc**  perfect  than  the  general  result*, 
but  effort*  to  discover  ttw  cause  «-f  the*  discrepancy  wetv  «\\\\  ywwXs 


60 


dishtfection  or  sewaob. 


successful.  Complete  identification  of  B.  coii  was  carried  out  for  a 
period,  and  the  results  seem  to  indicate  that  many  of  the  positive 
tests  after  disinfection  are  due  to  the  presence  of  an  organism  other 
than  B.  coli,  which  fermented  the  bile  medium.  Similar  atypical 
results  were  obtained  in  the  initial  samples,  but  not  in  such  large 
proportion.  The  evidence  of  other  work  under  the  direction  of  the 
author  indicates  that  in  these  experiments  the  removal  of  B.  coli  is 
better  shown  by  the  removal  of  acid-forming  bacteria  than  by  the 
bile  test.  The  results  as  a  whole  demonstrate  the  entire  feasibility 
of  the  process  and  the  possibility  of  obtaining  practical  disinfection 
at  a  reasonable  cost. 


COMPARATIVE  GERMICIDAL  EFFICIENCIES  OF  CHLORINE  AND 
SOME  OF  ITS  COMPOUNDS. 

Only  a  small  amount  of  accurate  data  was  at  hand  for  the  com- 
parison of  the  germicidal  efficiency  of  chlorine  in  its  various  forms. 
Accordingly,  three  series  of  comparative  tests  were  made  upon 
trickling-filter  effluents  for  the  purpose  of  obtaining  such  inform*- 
tion.  The  results  of  these  studies  are  collated  in  Table  32,  eaeh 
figure  of  which  is  the  average  of  from  three  to  twelve  tests  reduced 
to  a  uniform  basis  of  one  million  initial  bacteria  per  cubic  centimeter. 

Table  32. — Relative  germicidal  properties  of  chlorine  and  some  of  its  compounds. 
[All  numlwrs  converted  to  a  uniform  basis  of  1.000,000  initial  bacteria  per  cubic  centimeter.] 


Series. 


I 


Source  of 


Avail- 
able 
rhkirine 

m 


raiflfon). 


HI 


Free  chlorine  

Sodium  hypochlorite. . . 

Potassium  hypochlorite .....  

Potassium  chlorate  

[Potassium  perchlorate  

I  Free  chlorine  

Sodium  hypochlorite"  

[  do.&  

Free  chlorine  

Sodium  hydroxide  and  chlorine  »■ 

...do.*  

 do.«  , 

[....do./  


*  


At  end  of  Atendof 
1  hour.      2  t 


500 
410 


270 


1.400.CXHI 
13,000 
0,000 
3,100 
18.000 
14,000 
12,000 
$,000 
7,500 


800.0W 
17,000 
6,000 

i  m 

mm 

is.  tin 

10,  TO 


«  Electrolytic. 


*>  From  bleaching  powder. 
c  Chlorine  added  thirt 


drty  minutes  after  the  hydroxide. 
d  Chlorine  added  twenty  minutes  after  the  hydroxide. 
'Chlorine  added  ten  minutes  after  the  hydroxide. 
/Chlorine  added  with  hydroxide. 


In  scries  I  comparison  is  made  of  free  gaseous  chlorine  generated 
electrolytically,  sodium  hypochlorite,  and  potassium  hypochlorite. 
Potassium  chlorate  and  potassium  ^chlorate  Me  also  included, 
because  they  are  formed  in  many  direct  ^totcm**  The 

available  chlorine  of  the  two  latter  comvw*Nfc&\a  m^tRr 
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■  vnlent  sense,  and  would  be  better  expressed  by  the  term 
power."    Three  parts  per  million  of  available  chlorine 
in  all  the  lasts  of  series  I. 
In  aerie*  II  comparison  Ls  made  of  free  gaseous  chlorine,  potassium 
hypochlorite  prepared  from  bleaching  powder*  and  the  same  com- 
pound electrolytically  prepared  by  the  recombination  of  the  products 
flf  the  electrolytic  cell    In  this  and  in  the  next  series  two  parts  per 
of  available  chlorine  were  need,  because  it  was  found  that 
are  more  readily  made  where  the  disinfection  is  not  so 
complete. 

Ill  free  chlorine  was  again  used  and  was  compared  with 
the  electrolytic  hypochlorite.  In  this  set  of  experiments,  however, 
the  hypochlorite  was  made  in  the  sewage  by  adding  separately  the 
rotorine  water  and  the  sodium  hydroxide.  In  three  sets  of  tests 
the  addition  ttf  the  hydroxide  preceded  that  of  the  chlorine  by  ten, 
r,  and  thirty  minute*,  rcsprci iw[\  Tin-  object  of  this  p ro- 
ll to  determine  whether  the  caustic  soda  and  the  gaseous 
chlorine  p kwcss  separately  better  penetrating  powers  than  the  hypo- 
'elurite  does.  If  mjch  wcw  the  cas<\  formation  of  the  hypochlorite 
within  the  solid  particles  of  the  sewage  might  result  in  more  eotn- 
|d*te  disinfection  than  could  otherwise  lie  obtained. 

The  result*  indicate  plainly  that  hypochlorites  are  the  most  edi- 
ofnt  germicides.    Gaseous  chlorine  Ls  almost  us  good,  but  in  each 
•eric*  the  free  chlorine  is  somewhat  inferior  to  the  hypochlorite. 
Udorates  and  perrhlorates  have  almost   no  value  in  disinfection. 
The  formation  of  these  compounds  in  the  electrolytic  cell  in,  there- 
f<nrt  a  total  waste  of  energy,  and  should  he  prevented  th  far  as  possi* 
Up     Production  i>f  these  compounds  explains  in  large  hhmnih  the 
licieney  of  hypochlorite  colls*    Hypochlorites  made  electrolvtic- 
are  slightly  inferior  to  the  market  product,  but  this  difference 
probably  bo  inappreciable  in  large-scale  tests,  where  the  eon- 
under  which  the  hypochlorites  are  preparcil  an*  more  nearU 
of  commercial  practice.    Hypochlorite*  of  different  base*  cm 
Illy  have  the  sarn>  value;  the  results  obtained  with  the  sodium 
the  potassium  salts  an*  practical)*  identical  and  are  similar  to 
tlvo*e  obtained  in  pract  ice  with  the  calcium  salt     The  claim  that  tlu< 
magnesium  compound  U  more  efficient  than  the  calcium  compound 
was  not  investigated     Hypochlorites  can  be  made  advantages msly 
by  mixing  dilute  *olotions  of  free  chlorine  ami  sodium  hydroxide,  the 
product*  of  the  electrolytic  cell,  but  the  mixing  should  take  place 
either  in  the  sewage  or  in  cold  dibit*'  solution,  a-*  oth.  rvti-c  .  h (orates 
and  fieirhlorates  will  be  formed:  if  the  hydroxide  u  uddcd  a  *hor1 

lime  before  the  chlorine,  it  is  removed  fr       the  solution,  leaving  (tc* 

chlorine  vmc*>mhiiu*il  aivl  lending  to  a  more  rapid  ex\\avt*VYo\\  vA  \\x 
%rmHmUh  chlorine. 
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These  tests  have  an  interesting  hearing  on  the  question  of  the  ex- 
haustion of  the  chlorine.  It  appears  that  the  chlorine  attacks  the 
organic  matter  and  the  bacteria  simultaneously,  but  that  its  effect  on 
the  former  is  a  direct  function  of  its  concentration,  while  its  germi- 
cidal effect  does  not  bear  such  exact  relation.  If  these  are  the  true 
conditions,  the  successive  addition  of  small  portions  of  chlorine,  or 
what  amounts  to  the  same  thing,  the  addition  of  a  substance  that 
yields  chlorine  slowly,  prevents  the  rapid  reduction  of  the  chlorine 
by  the  organic  matter  and  prolongs  the  time  of  contact  with  the  bac- 
teria. In  series  III,  Table  33,  more  or  less  of  the  hydrate  was  con- 
sumed in  saponification  before  the  chlorine  was  added,  the  amount 
so  removed  depending  on  the  time  that  elapsed  between  the  addition 
of  the  hydroxide  and  the  addition  of  the  chlorine.  The  first  set  of 
series  III,  therefore,  represents  the  action  of  free  chlorine,  and  the 
last  set  the  action  of  hypochlorite,  with  the  intermediate  tests  repre- 
senting different  proportions  of  the  two  substances.  The  progressive 
nature  of  the  final  results  indicates  strongly  the  necessity  of  having 
the  chlorine  combined  in  such  form  that  its  action  on  organic  matter 
is  retarded.  The  same  effect  is  shown  in  the  work  on  crude  sewage 
described  on  pages  37-51.  In  the  experiments  reported  in  Table  22 
decidedly  better  results  were  obtained  by  adding  the  hypochlorite 
in  four  equal  portions  at  hourly  intervals  than  by  adding  the  entire 
amount  at  once.  In  practice  the  effluent  to  be  treated  should  never 
be  acid  in  reaction;  it  is  probable  that  the  addition  of  lime  would 
still  further  decrease  the.  rate  of  decomposition  of  the  hypochlorite 
and  increase  its  bactericidal  efficiency. 

EFFECT  OF  CALCIUM   HYPOCHLORITE  ON  COLON  AND  TYPHOID 

BACILLI. 

The  colon  bacillus  has  been  employed  in  this  and  in  other  work  us 
a  convenient  test  organism  with  which  to  measure  the  efficiency  of 
the.  disinfection  process.  For  obvious  reasons  experiments  on  a  lnr^e 
scale  with  the  typhoid  bacillus  are  out  of  the  question.  Consequently, 
a  comparison  was  made  between  the  relative  resistance  of  the  typhoid 
and  the  colon  bacilli  under  controllable  conditions,  with  the  idea  that 
in  practice  the  effect  of  the  disinfection  process  on  the  former  could 
be  measured  by  its  effect  on  the  latter.  Kmulsions  of  the  two  organ- 
isms in  lap  water  were  treated  with  hypochlorite  solution,  and  the 
parallel  tests  with  the  two  specie*  were  made  at  the  same  time  and 
were  kept  as  nearly  alike*,  as  possible.  The  number  of  bacteria  per 
cubic  centimeter  was  determined  at  the  end  of  twenty,  forty,  and 
sixty  minutes,  and  two.  four,  and  eighteen  hours,  and  twelve  tests 
of  each  kind  were  made  in  the  same  manner.  The  available  chlorine 
ranged  from  .'•>..">  to  (>  parts  per  million,  avera^injr  5  parts.  The 
results  of  the  individual  tests  varied ^vevvXly  li\uu  day  to  day,  because, 
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t,  of  difference  in  the  character  of  ths  growths  and  in  the 
of  organic  matter  introduced  with  the  organisms*    Yet  the 
f  figures  obtained  from  these  twelve  acts  of  tests  prohably  give 
lair  htfk  for  estimation  the  comparative  resistance  of  the  two 
t«i  t  hi*  disinfectant.    The  per  rent  removal  has  been  cal- 
and  tbe  vrerage  resolM  an*  presented  in  Table  33, 


hvjwchtnrite  of  B.  if  phi  mtd  B>  enli  in 


Tw»  mm*  mftxlat- 

H«fllOMAj    ot  lnuf.fi;, 

{promt}. 

B,  typht. 

n.coii 

ML  5 

EL 

Km 
i  ■ 
■  m 

92-0 

m  i 

S  H 
W  70 
WW 

*  A* 


*  alight  differences  shown  hy  the  experiments  on  the  two  organ- 
may  be  attributed  to  experimental  variations.    The  work  is 
because  other  strains  of  organisms  might  have  yielded 
rvtsulta,  bul  it  indicates  in  a  general  way  that  R.  coli  may 
>ly  be  regarded  as  test  organisms  in  disinfection  work  and 
thr  process  may  be  expected  to  destroy  typhoid  organisms 
at  least  as  thoroughly. 
It  it  interesting  also  to  note  that  the  per  cent  removal  of  R.  ctdi 
four  hours  is  about  tbe  same  as  that  recorded  in  the  cxperi- 
dtsanfection  of  crude  sewage;  namely,  90.96  per  cent  as  com- 
with  W.93  per  cent. 

kCTICAI*  APPLICATION  N  AND  COSTS  OF  DISINFEC- 
TION. 

experiments  that  have  been  described  were  sufficiently  pro* 
and  varied  in  their  scope  to  justify'  the  application  of  the 
of  lime  treatment  to  practical  disinfection  on  a  large  scale, 
lis  not  possible,  however,  to  draw  general  conclusions  regarding  the 
it  of  chlorine  necessary  for  the  disinfect  ton  of  effluents,  much 
«f  crude  sewage,  because  the  dose  is  determined  largely  by  the 
RTof  the  organic  and  reducing  matters  contained  in  the  sewage 
th**  effluent     Rut  the  investigation*  have  shown  what  may  be 
under  several  conditions  and  they  have  established 
certain  prohahlr  maximum  amounts  of  chlorine  for  part  tru  tar  classes 
its.   They  have  demonstrated,  for  exi 
rtU  limit nr  to  those  tested  may  be 


Hit 


64 


DISINFECTION  OF  SEWAGE. 


disinfected  with  three  or  four  parts  per  million  of  available  chlorine, 
and  that  such  quantity  will  usually  be  sufficient  to  effect  the  removal 
of  05  per  cent  or  more  of  the  total  bacteria  in  the  effluent.  If  the 
effluent  should  contain  only  25  per  cent  of  the  original  sewage  bac- 
teria, the  whole  purification  process  would  result  in  a  removal  of 
1)8.8  per  cent  of  the  total  number  of  bacteria.  The  per  cent  removal 
of  Ii.  coli  and  of  typhoid  organisms  will  be  at  least  as  high  if  not 
higher.  Crude  Boston  sewage  can  be  disinfected  to  about  the  same 
extent  with  from  four  to  six  parts  per  million  of  available  chlorine. 
It  may  reasonably  be  inferred,  therefore,  that  five  parts  per  million 
of  chlorine  represent  the  maximum  concentration  that  would  ever 
be  necessary  for  the  disinfection  of  a  fairly  stable  effluent,  since  no 
such  effluent  would  contain  as  much  oxidizable  organic  matter  as 
the  crude  sewage  that  is  treated.  The  septic  sewage  of  Red  Bank 
probably  represents  a  maximum  condition  for  crude  sewage,  became 
its  high  content  of  hydrogen  sulphide  and  other  oxidizable  matten 
would  probably  never  be  exceeded  in  crude  sewage,  or  at  least  in 
sewage  from  American  cities.  The  disinfection  of  crude  sewage, 
therefore,  would  require  four  to  twelve  parts  per  million,  of  available 
chlorine,  depending  on  the  character  of  the  sewage  and  its  content 
of  oxidizable  matters.  It  will  probably  be  undesirable  to  treat  septk 
sewage,  but  if  such  sewage  should  be  treated,  from  ten  to  fifteen  parts 
of  chlorine,  or  perhaps  more,  would  be  necessary.  The  extreme 
variability  of  the  composition  of  septic  sewage  makes  it  almost 
impossible  to  fix  a  maximum  limit  for  the  amount  of  hypochlorite. 
The  amount  of  disinfectant  required  in  any  plant  would  necessarily 
be  determined  before  final  adoption  of  the  plan,  but  these  estimates 
w  ill  serve  as  useful  guides,  and  the  limits  assigned  include  the  majority 
of  probable  eondit  ions. 

No  da  la  have  been  obtained  with  effluents  of  higher  degree  of  puritv 
1 1,  an  those  from  trickling  filters.  The  general  conclusions  from  the 
work  have  been  that  the  disinfectant  action  is  a  function  of  the  chlo- 
rine concentration  and  of  the  time  of  contact,  and  that  the  time  is 
determined  largely  by  the  rate  at  which  the  chlorine  is  consumed  by 
the  organic  matter.  Kllluents  of  a  better  grade  would  probably 
require  the  same  amount  of  chlorine,  if  the  disinfection  were  to  he 
accomplished  within  two  hours.  In  the  effluents  with  which  experi- 
ments were  made,  the  chlorine  was  practically  consumed  in  two 
horns,  but  in  a  purer  effluent  chlorine  would  probably  be  left.  This 
indicates  that  somewhat  smaller  quant  it  ies  could  be  used  with  longer 
storage  periods.  A  point  is  soon  reached,  however,  beyond  which 
the  cost  of  storage  is  greater  than  the  saving  in  disinfectant.  Effluents 
of  high  degree  of  purity  could  probably  be  disinfected  with  one  part 
of  nvaihihlo  chlorine,  but  a  contact  period  of  at  least  five  hours  would 
ho  required  for     "  "  'lory  rewuwvA  <A  vW  Wq^yv*.  is 
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probably  the  minimum  amount  of  chlorine  that  can  be  used,  as  the 
Dercasary  time  of  contact  increases  very  rapidly  with  decreasing 
coorvntration  of  chlorine. 

Our  of  the  most  important  practical  points  that  has  Wen  devel- 
oped is  the  relation  Itetwceo  organic  matter,  time  of  contact,  ami 
•if  chlorine  necessary.  Obviously  a  definite  concentration  of 
acting  for  a  given  time  m  ill  bring  about  a  definite  result 
dent  of  the  nature  of  the  solution.  If,  however,  chlorine  is 
eonraroed  by  the  solution  itself  a  greater  amount  will  have  to 
at  first  in  order  to  maintain  the  same  average  concentration, 
the  other  hand.  longer  periods  of  contact  with  lower  chlorine  con- 
lion  are  possible  with  the  better  grades  of  effluent.  The  experi- 
m  with  various  kinds  of  sewage  make  it  possible  to  formulate  a 
;  rule,  which  may  be  stated  as  follows:  The  product  of  the 
"1?*!  concentration  multiplied  by  the  time  in  hours  required  for 
complete  reduction  of  the  available  chlorine  should  be  about  five  for 
satisfactory  disinfection,  except  that  the  contact  period  must  not  be 
kav  than  half  an  hour  in  any  case. 

is  possible  to  fix  within  narrow  limits  the  cost  of  chlorine  disin- 
Tbe  cost  is  determined  chiefly  by  the  concentration  of 
necessary  and  tbe  related  factor  of  contact  period,  and 
■ly  by  the  siie  of  the  plant.  The  unit  used  in  the  following 
of  costs  is  a  plant  with  a  dairy  flow  of  S»,()0O,000  gallons  of 
i  such  a  plant  being  the  smallest  that  would  require  the  entire 
of  an  attendant,  a  part  of  whose  salary  may  legitimately  be 
cfcarged  to  disinfection.  On  larger  works  tin*  labor  costs  would 
im  rease  proportionately,  and  on  smaller  works  arrangements  would 
naturally  be  made  by  which  the  plant  could  receive  proper  attention 
in  connection  with  the  regular  work  of  the  sewer  or  street  depart- 
ment. The  price  of  bleaching  powder  has  been  estimated  at  124  a 
ton  delivered  al  tbe  plant;  it  is  quoted  at  from  $22  to  $25,  and  a 
price  as  low  as  $20  is  obtained  tin  large  orders  by  certain  paper  mills. 
The  price  taken  is,  therefore,  sufficient  ly  high  to  cover  the  cost  of  the 
ssobWile  aiasd  shipments  that  would  be  required  for  a  5,000,000* 
talloti  plant.  A  50,000,000-gallnn  plant  could  obtain  its  bleaching 
powder  for  at  feast  10  per  cent  less.  This  bleaching  powder  would 
eetttam  over  35  per  cent  available  chlorine,  but  in  order  to  allow  for 
w+Mr  321  per  cent  has  been  taken  as  the  average  figure,  l^abor  is 
<N»ttiput«*d  itt  $J  fiir  an  eight-hour  daj  Twu  boUfl  «t  day  an  ample 
allowance — are  reckoned  for  the  care  ot  a  5,000, 000-gallon  disinfect- 
ing plant  using  5  parts  or  leas  of  chlorine.  For  over  5  parts  tbe  time 
would  increase  proportionately.  Interest,  depreciation,  and  other 
&u*i  charges  are  computed  as  6  per  cent  of  the  cost  of  the  additional 
made  nip  awry  by  the  disinfection  treatment;  **  faa  Wfc- 
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struction  is  chiefly  masonry,  but  little  depreciation  need  be  allowed. 
In  certain  projects  sedimentation  tanks  would  already  be  available, 
so  that  the  application  of  disinfection  would  not  require  the  con- 
struction of  storage  tanks.  For  this  reason  the  item  storage  tanks 
has  been  separated  from  the  other  fixed  charges  that  include  6  per 
cent  of  the  cost  of  mixing  tanks  and  storage  tanks  for  the  solution, 
pumps,  piping  and  connections,  and  suitable  housing.  In  handling 
the  chemicals  for  a  plant  requiring  3  parts  per  million  or  mom  of 
chlorine,  some  form  of  power  mixer  would  be  economical,  and  that 
item  has  been  estimated.  In  small  plants  the  mixture  of  bleaching 
powder  and  water  would  be  settled  and  the  solution  decanted,  but  in 
the  larger  works  the  whole  mixture  would  be  used,  and  it  would 
require  constant  stirring.  The  increased  power  item  would  be  more 
than  counterbalanced  by  the  saving  in  tank  construction.  Table  34 
contains  a  summary  of  the  cost  estimates  for  chlorine  concentrations 
from  1  to  15  parts  per  million. 

Table  34. — Estimates  of  the  cost  of  maintenance  and  operation  of  a  plant  for  disinfecting 
sewage  or  effluent  with  chloride  of  lime,  based  on  a  capacity  of  5,000,000  gallons  a  dag. 


r 


i 


Avail- 
able 
chlorine 
In  parts 

million ). 


Time  of 
contact 

(in 
hours). 


Cost  per  million  gallons. 


l 

2 
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.05 
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Labor. 
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$0.52 

.04 

.60 

.10 
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$0.02 

1.11 

.07 

1.20 

.10 

.02 

1.42 

.08 

1.50 

.10 

.03 

1.74 

.  10 

a.  00 

.15 

.06 

3.39 

.24 

4.50 

.20 

.09 

5.05 

The  estimates  made  for  a  5,000,000-million  gallon  unit  can  be 
safely  applied  to  larger  works,  and  they  are  applicable  within  reason- 
able limits  to  small  works  that  are  properly  managed.  The  cost  of 
the  tanks  and  of  covering  them  would  become  proportionately 
cheaper  with  increased  size,  but  this  saving  would  be  offset  by  the 
advisability  of  better  construction  and  architectural  embellishment. 
The  saving  due  to  decreased  price  of  bleaching  powder  for  A 
50,000,000-gallon  plant  ,  using  3  parts  per  million  of  chlorine,  would 
be  about  $4.50  a  day,  which  would  approximately  pay  for  the 
additional  chemical  and  bacteriological  control  required  by  a  plant 
of  such  size.  On  very  large  works  labor  items  would  not  increase 
proportionately,  because  most  of  the  work  would  be  done  by 
machinery. 

In  an  earlier  paper0  the  opinion  was  expressed  that  the  expense 
might  be  considerably  reduced  and  efficiency  increased  by  using 

a  Phelps,  E.  B.,  and  Carpenter.  W.  T.,  The  stcrltti&tton  ol  aroage  ftttftt  affluents:  Tech.  Qjaatt,  ToLflk 
1006,  p.  382;  Contr.  froro  -*reh  Lab.,  vol.  \,  IWfe. 
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electrolytic*  chlorine  produced  at  I  be  disposal  works  instead  of 
bleaching  puwtler.  Tbe  relation  of  electrolytic  processes  to  sewage 
disinfection  in  at  ill  unsettled,  but  a  study  of  the  present  possibilities 
of  such  processes  and  experimental  work  with  the  McDonald  cell 
and  with  small  cells  of  special  design  have  indicated  that  the  margin 
of  coot  between  tbe  alternative  methods  is  so  slight  that  it  hardly 
justifies  the  additional  effort  and  the  uncertainty  involved  in  the 
imaMidhment  of  an  electrolytic  plant.  A  brief  discussion  of  recent 
>pmcnts  in  this  field  will  show  the  reasons  for  this  conclusion, 
general  types  of  electrolytic  process  are  available,  in  both  of 
the  electric  current  is  passed  through  a  solution  of  sodium 
oritle.  chlorine  being  liberated  at  one  electrode  and  caustic  soda 
other.  In  one  type  these  products  are  allowed  to  recornbine, 
sodium  hypochlorite  and  certain  other  compounds.  In  the 
other  type  the  products  are  removed  from  the  cell  as  quickly  as 
possible,  the  aim  being  to  prevent  their  recombination.  Numerous 
pfWHsrs  of  the  first  kind  have  been  developed,  of  which  the  Hcrmite 
and  Woolfe  processes  have  already  l>een  mentioned.  The  com- 
mercial preparation,  called  "CMorou,"  is  made  in  this  way.  The 
mmi  recent,  and  probably  the  most  improved,  cell  of  this  type  has 
rerrntly  been  described  by  Pigby  and  Shenton.0  The  reaction  by 
wturh  the  hypochlorite  is  produced  from  chlorine  and  caustic  sodu 
i  cold  dilute  solution  is: 

(1 )  2  NaOl  I  +  SO  -  NaOCI  *  NaCl  f  I  ItO. 

In  the  paper  just  cited  Itfgby  proposes  the  reaction, 

(2)  NaOH+CUNaOCl  +  H. 

He  bam  his  view  on  the  observation  that  the  electro-chemical 
of  the  cell  is  over  50  per  cent.  Aside  from  the  obvious 
>ility  that  a  reaction  can  produce  at  one  and  the  same  time 
hydrogen  and  a  strong  oxidizing  agent,  it  is  apparent  that 
(I),  if  it  wen*  carried  out  completely,  would  yield  a  product 
training  not  50,  but  100  per  cent  of  the  available  chlorine  initially 
Hilt.  The  conception  that  this  reaction  represents  a  loss  of  half 
the  available  chlorine  is  due  apparently  to  a  mistaken  idea  of  the 
In  available  chlorine,  which,  as  has  been  explained  nn  page  18,  is 
mUnomcr.  The  fai  t  is  that  the  oxidizing  power,  or  the 
ible  chlorine  as  ordinarily  determined,  of  the  products  of  reaction 
equivalent  to  twice  the  chlorine  of  the  hypochlorite,  or  to  the 
chlorine  present.  There  is,  therefore,  no  apparent  basis  for  the 
ion  propooed  by  Digby,  which  would  yield  twice  as  much  avail- 
Bhlarint  as  the  amount  allowed  by  the  law  of  eleclto-cV^vcaicaV 
alriitA.    The  reactions  of  equation  (1)  arts  comtAeVe  on&s  \a\«4& 
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dilute  solutions.    If  the  solution  is  hot  or  if  it  is  concentrated  chlorates 
and  perchlorates  are  produced  simultaneously.    It  is  for  this  reason 
that  the  disinfectant  value  of  these  two  sets  of  compounds  was  deter- 
mined in  an  earlier  part  of  the  present  investigation.    It  was  found 
that  they  possess  practically  no  disinfecting  power  and  that  their 
production  in  the  cell  represents  a  loss  of  energy.    Economy  in  elec- 
tric current  demands  strong  salt  solutions  and  high  current  densities 
with  consequent  heating  of  the  electrolyte.    Electrical  efficiency  is, 
therefore,  opposed  to  chemical  efficiency,  and  the  problem  in  design- 
ing cells  of  this  type  is  to  balance  the  two  efficiencies  in  the  most 
economical  manner.    The  electro-chemical  equivalent  of  a  current  of 
one  ampere  is  1.32  grams  an  hour  of  chlorine,  and  this  equivalent  is 
not  modified  by  the  voltage.    However,  as  the  total  energy  employed 
in  a  process  determines  its  cost,  it  is  necessary  to  consider  voltage  as 
well  as  current  in  discussing  electrolysis.    In  any  electrolytic  reaction  ■ 
there  is  a  definite  minimum  voltage  required  for  carrying  out  the  \ 
reaction,  and  this  can  be  computed  from  thermal  considerations  as  i 
follows:  The  complete  reaction  in  the  cell  before  the  recombination 
of  the  hydroxide  and  the  chlorine  may  be  written, 

NaCl  +  II2()  =  NaOII  +  II +C1. 

Substituting  the  heats  of  formation  of  these  compounds  gives 

<W4  +0.X4    1 1  IS  -\-x,  whence 

x-  VM)  calorics  (K). 

Here  ./•  is  the  heat  required  by  the  reaction,  expressed  in  calories  (K) 
per  gram-equivalent  of  the  reacting  substances,  and  its  value  is  530 
calories.    One  gram-equivalent  of  substance  is  transformed  with  the 
passage  of  W>, 540  coulombs  of  electricity,  and  one  coulomb  trans- 
ferred under  a  difference  of  potential  of  one  volt  has  an  energy 
equivalent    to   0. 00241    calories.    Therefore,   one  electro-chemical 
equivalent  of  current  at  a  difference  of  potential  of  one  volt  has  a 
heat  value  of  90.540  multiplied  by  0.00241,  or  232.7  calories.  Con- 
sequently the  voltage  required  to  effect  the  desired  reaction,  which 
calls  for  a  heat  absorption  of  5.'S0  calories  per  equivalent,  is  530 
divided  by  2.T2.7.  or  2.2S  volts.    This  is  the  minimum  voltage  with 
which  the  reaction  can  take  place,  and  efficiency  calculations  to  an 
energy  basis  must,  bo  referred  to  this  voltage.    At  a  difference  of 
potential  of  2.2S  volts,  one  kilowatt  gives  t;j9  amperes,  so  that  an 
output  of  579  grams  of  chlorine  per  kilowatt-hour  represents  a  process 
of  100  per  cent  efficiency  on  both  a  current  and  an  energy  basis.  In 
practice  a  current  at  a  tension  of  at  least  1.5  volts  Is  usually  found 
necessary,  even  with  strong  solutions  of  salt  and  with  electrodes 
7>Jaecd  as  near  together  as  possible.    This  factor  alone  reduces  the 
energy  efficiency  to  55  t  w\t\\  povWcV  cwvvewt  efficiency.  The 
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depend*  especially  on  the  design  of  the  odL  If 
are  no  complicating  secondary  reactions  during  the  recombina- 
of  the  product*  il  approaches  100  per  cent  very  closely,  and  thin 
the  case  in  the  moat  improved  design  of  chlorine  cell  in  which 
ition  doe*  not  take  place.  It  is  clear  that  the  production  of 
rite  in  one  operation  within  the  cell  is  not  economical,  and  a 
of  the  available  information  and  a  laboratory  study  of  various 
tilurite  cells  hare  led  to  the  conclusion  that  cells  of  that  type 
not  be  expected  Id  yield  much  more  than  one-half  the  available 
rhlorinr  that  can  be  obtained  from  the  same  electric  current  by  means 
of  direct  chlorine  cells. 

Direct  chlorine  cells  hare  been  developed  to  a  high  degree  of  efb- 
r,  and  this  k  the  type  of  cell  which  has  been  considered  in  the 
Hiudics  of  sewage  disinfection.  The  McDonald  cell,  which 
to  some  extent  in  this  work,  is  giving  in  a  regular  installs* 
tan  in  a  large  paper  mill  a  current  efficiency  of  over  HO  per  cent  at 
4i  vnka,  making  the  total  energy  efficiency  over  43  per  cent.  The 
■Ml  meant  development  is  the  Townsend  cell,  for  which  current 
exceeding  98  per  cent  am  claimed  at  a  tension  of  5  volts 
The  special  feature  of  the  Townsend  cell  is  an  arrangement 
i  of  which  the  caustic  liquor  drops  into  a  bath  of  oil  as  soon 
>  it  »  formed,  a  step  thai  prevents  recombination.  In  spite  of  the 
of  such  cells,  it  is  not  practicable  to  employ  them  in 
rk  on  account  of  the  small  margin  between  the  market  cost 
and  the  cost  of  its  manufacture  elec troly tically.  This  eon- 
is  due  to  the  fact  that  tlu*  demand  for  caustic  soda  is  so  much 
than  that  for  chlorine  that  the  chlorine  is  to  a  certain  extent 
1  bp-product  and  can  be  made  into  bleaching  powder  and  sold  at  low 
cast.  On  the  other  hand,  the  manufacture  of  small  amounts  of 
taatfir  liquor  at  the  disposal  works  does  not  warrant  the  installation 
sf  the  necessary  machinery  for  the  production  of  pure  caustic  soda; 
jtM-nlJy,  without  a  market  for  this  by-product,  the  cost  of  the 
would  lie  the  entire  cost  of  the  operation.  In  addition,  a 
chemical  engineer  who  would  be  required  would  increase  the 
•sst  per  million  gallons  much  more  in  a  small  plant  than  in  a  large 
cs\  while  the  uncertainty  of  the  process  and  the  increased  rcspon- 
on  the  sewage  works  both  offset  any  slight  advantage  in  coat 
it  appear  in  favor  of  the  electrolytic  plant.  It  has  also 
dear  in  the  present  studies  that  the  use  of  free  chlorine, 
iplaled  in  the  earlier  plan,  is  not  economical  and  that  some 
Id  be  provided  for  the  preparation  of  hypochlorite.  This 
|l|  be  the  caustic  soda  yielded  by  the  process,  or  if  a  market 
that  by-product  were  available ,  lime  could  be  used. 
7m  the  reasons  outlined,  therefore,  this  investigation  of  lUft  y*A 
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views,  such  processes  are  not  well  adapted  at  the  present  time  to 
sewage  disinfection.  Nor  does  it  seem  probable  that  hypochlorite 
from  cells  in  which  the  products  are  allowed  to  recombine  within  the 
cell  will  ever  be  able  to  replace  ordinary  bleaching  powder. 

CONCLUSION. 

The  main  reason  for  disinfecting  sewage  lies  in  the  probable  effect 
of  discharging  pathogenic  bacteria  into  lakes,  rivers,  and  harbors. 
Any  such  discharge  is  obnoxious  to  the  sanitarian,  and  when  the  prac- 
tice of  computing  the  cost  of  typhoid-fever  epidemics  becomes  more 
general  the  cost  of  disinfecting  sewage  will  not  appear  excessive. 
At  present,  however,  the  demand  for  sewage  disinfection  is  confined 
to  two  conditions,  namely,  the  possible  pollution  of  water  supplies 
and  of  shellfish  beds.  It  has  not  yet  been  decided  upon  whom  the 
responsibility  rests  for  protecting  domestic  water  supplies.  The 
sanitarian  recommends  tliat  rivers  be  kept  as  clean  as  possible  and 
that  water  be  filtered,  but  in  practice  distinction  is  made  between 
supplies  which  are  filtered  before  use  and  those  which  are  not,  and 
complete  disinfection  of  sewage  that  enters  streams  from  which  sup- 
plies of  the  first  kind  are  derived  is  still  regarded  as  an  unreasonable 
demand.  The  concensus  of  competent  opinion  requires  at  least, 
however,  that  ,  if  an  effluent  is  discharged  within  the  region  of  im- 
portant shellfish  beds  or  into  a  stream  which  is  used  as  a  source  of 
domestic  water  supply  without  filtration,  such  effluent  shall  be  free 
from  pathogenic  germs.  Improved  standards  in  sanitation  and  im- 
proved methods  of  disinfection  will  both  operate  to  increase  these 
minimum  requirements,  but  in  the  meantime  a  thorough  knowledge 
of  disinfection  methods  and  experimentation  on  the  improvement  and 
the  cheapening  of  such  met  hods  will  do  much  to  hasten  their  general 
adoption.  Slow  sand  filtration  removes  bacteria  in  a  satisfactory 
manner  and  almost  totally  eliminates  organic  matter.  Under  certain 
conditions  such  a  result  is  highly  desirable,  but  the  method  is  com- 
paratively costly,  especially  in  the  larger  communities,  and  it  is 
pract  ically  out  of  the  question  in  many  sections  of  the  country. 

Chemical  disinfect  ion  offers  a  means  whereby  a  reasonable  bacterial 
purification  may  be  accomplished  without  complete  purification  of 
the  organic  mat  ter.  It  is  in  no  sense  a  substitute  for  sewage  purifica- 
tion as  ordinarily  understood,  for,  though  the  application  of  chlorine 
compounds  to  an  effluent  oxidizes  the  organic  matter  in  it  to  some 
extent  and  thereby  increases  its  stability,  such  improvement  is  only 
incidental.  It  is  not  in  anyway  comparable  with  the  cost  of  treat- 
ment, and  it  would  be  unwise  to  attempt  to  obtain  stability  in  such 
manner.  Incidentally,  however,  the  advantages  of  this  increased 
stability  are  obtained,  and  \t  \s  VWt,  ra^id  sewage  filters 
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majr  worked  at  somewhat  higher  rates  and  with  teas  margin  for 
•ale  operation  whet*  chlorine  treatment  is  employe*!  as  a  finishing 
procwB.  Under  certain  conditions  it  may  be  found  desirable  to 
effect  bacterial  removal  without  organic  stability;  along  the  seacoast 
and  possibly  along toome  great  rivers  of  the  Middle  West  the  dilutio 
factor  b  sufficient  v  high  to  preclude  the  danger  of  physical  nuisance* 
Under  other  conditions  the  production  of  a  stable  effluent  without 
regard  to  the  amount  of  organic  matter  discharged  may  suffice; 
under  others  the  removal  of  suspended  matter  may  be  of  prime 
importance.  Due  consideration  should  be  given  in  any  particular 
process  to  the  character  of  the  organic  matter  in  the  effluent,  and 
further  treatment  is  advisable ,  not  only  when*  the  discharge  produces, 
or  threatens  to  produce,  an  actual  physical  nuisance,  but  wherever 
aetf*purifying  powers  of  the  stream  will  be  appreciably  druwn 
In  oilier  words,  stability  is  demanded  in  all  effluents,  unless 
the  dilution  ts  very  great,  not  only  in  relation  to  the  local  discharge, 
but  abo  in  relation  to  all  the  sewage  or  effluent  that  the  body  of  water 
m  question  may  receive.  This  much  is  demanded  from  the  stand- 
point vt  physical  pollution  alone.  If,  therefore,  bacterial  removal 
as  abo  easential,  disinfection  is  particularly  satisfactory  as  a  finishing 
pw»,  because  it  can  now  be  conducted  ut  far  less  cost  than  the 
cheapest  furm  uf  supplementary  sand  filtration. 
Comparison  on  a  cost  basis  of  the  methods  of  chemical  disinfection 
it  apparent  that  chlorine  in  some  form  is  the  most  efficient 
though  it  must  be  admitted  that  the  possibilities  of  heat  and  of 
certain  organic  compounds  have  not  received  adequate  investigation. 
CMritim  hypochlorite,  or  commercial  bleaching  powder,  is  by  far  the 
moat  satisfactory  chlorine  compound  available.  It  has  greater 
germicidal  efficiency  than  equivalent  amounts  of  free  gaseous  chlorine, 
ehLurmtaa,  or  perchlorates.  It  is  equaled  in  efficiency  by  potassium 
and  fodhim  hypochlorites,  the  products  of  certain  electrolytic  cells. 
The  electrolytic  production  of  hypochlorites  or  of  free  chlorine  is  not 
»  satisfactory  source  of  the  disinfectant.  The  cost  of  such  manufac- 
p,  tin  a  scale  lU'ceseiarUy  small  even  at  the  larger  sewage-disposal 
i  at  present  so  little  below  the  cost  of  bleaching  powder  that 
mo  aafe  margin  is  left  to  cover  the  additional  responsibility  ami  oncer- 
tainty  that  are  involved.  Improved  processes  of  manufacture  may 
alter  conditions  aomcwhat,  but  the  highest  )Njssihle  working  efficiency 
and  the  cheapest  power  would  not  sufficiently  reduce  tjie  costs  to  alter 
tkmm  general  conclusions. 

The  application  of  3  purt*  |n  r  million  »>f  uYLiiUMe  •  fiUniic  m  the 
form  of  bleaching  powder  to  a  trickling-fitter  effluent  similar  to  those 
oq  which  experiments  were  made  effects  satisfactory  disinfection. 
TW  removal  of  bacleria  from  the  effluent  average*  over  *kh  \*\ 
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cent  of  the  number  in  the  crude  sewage.  The  cost  of  disinfection 
ranges  from  $1  to  $1 ,50  per  million  gallons  of  sewage,  depending 
chiefly  on  the  size  of  the  plant.  Effluents  of  higher  degrees  of  purity 
can  be  disinfected  at  still  lower  cost.  Five  parts  per  million  probably 
represents  the  maximum  amount  of  chlorine  required  for  the  treat- 
ment of  triokling-filter  effluents  of  poorer  quality.    The  results 

>tainod  with  the  amounts  of  disinfectant  that  are  specified  do  HQ$ 
or  course,  amount  to  complete  sterilizationt  but  they  may  reasonably 
be  called  "practical  disinfection/1  Considerable  additional  cost  | 
required  to  improve  them  but  slightly. 

The  disinfection  of  crude  sewage  to  the  same  final  conditioa 
requires  the  removal  of  over  98  per  c*~it  of  its  total  bacteria*  This 
may  be  accomplished  by  the  application  of  from  5  tu  10  parts  per 
million  of  available  chlorine,  the  amour  t  depending  on  the  character 
of  the  sewage.  Such  disinfection  costs  from  $1.50  to  $3.50  per 
million  gallons. 

The  disinfection  of  septic  sewage  aires  the  application  of  from 
10  to  IB  parts  per  million  of  avail  ehlorine.  If  no  further  puri- 
fication is  required  than  that  given  tiy  septic  action  and  by  disinfec- 
tion, it  is  advantageous  to  reverse  the  processes  by  disinfecting  the 
crude  sewage  before  it  enters  the  tank.  The  resulting  development 
of  saprophytes  within  the  tank  has  no  sanitary  significance,  and  it  is 
doubtless  of  great  advantage  in  the  subsequent  purification  of  the 
organic  matter  in  the  stream. 

The  removal  of  /?.  coli  is  usually  somewhat  more  complete  than 
that  of  the  total  organisms.  Under  the  conditions  of  a  laboratory 
experiment,  the  results  of  hypochlorite  disinfection  on  typhoid  ami 
colon  bacilli  in  tap  water  were  identical.  It  seems  reasonable  to 
assume,  therefore,  that  the  viability  of  the  typhoid  organism  under 
working  conditions  in  practical  sewage  disinfection  is  at  least  no 
greater  t  han  that  of  the  colon  bacillus  and  no  greater  than  that  of  the 
sewage  bacteria  as  a  whole.  Consequently  the  disinfection  results 
obtained  with  total  bacteria  may,  in  the  case  of  chlorine  disinfection 
at  least,  be  referred  directly  to  the  typhoid  bacillus  with  assurance  uf 
reasonable  accuracy. 

The  results  obtained  in  this  investigation  are  so  much  more  favor^ 
able  than  any  results  that  have  been  reported  for  similar  work  that 
comment  on  their  accuracy  and  general  applicability  seems  justifiable. 
The  more  important  portions  of  the  work  have  been  practically 
duplicated  under  as  diverse  conditions  as  possible  and  by  different 
workers.    There  is  no  apparent  reason  for  believing  that  the  results 
are  not  of  general  applicability.    The  reactions  involved  are  parti 
ularly  free  from  interference  on  the  part  of  the  mineral  constitu' 
of  normal  sewage,  a  condition  which  has  not  beea  f  %d 
r  has  been  used  as  the  Akint^tot..  » 
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m  ihe  prenent  work  are  largely  due  to  the  fact  that  many  little 
AEcultiea  inherent  tit  new  processes  have  been  overcome  by  con- 
feaoua  work  extending  over  considerable  periods  of  time,  and  in 
funicular  to  the  fact  that  the  experiments  were  made  part  of  per- 
manent laboratory  routine  and  were  free  from  temporary  and  special 
characteristic*  which  usually  involve  discontinuity  and  interruption. 
Thm  routine  continued  week  after  week  without  interruption  and 
without  undue  attention — in  fact,  just  as  it  would  naturally  go  on 
in  practice.  It  is  believed  that  the  results  represent  what  may  be 
"nxnplkahed  in  practice  and  tltat  thev  ran  !><•  duplirulnl  im.l^r 
conditions  on  any  scale  which  may  be  desirable. 
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INTRODUCTION. 

The  development  of  modern  rapid  processes  of  sewage  treatment, 
involving  the  use  of  coarse  material,  has  resulted  in  a  somewhat 
changed  conception  of  the  functions  of  sewage  disposal,  while  the 
general  introduction  of  contact  and  trickling  filters  in  the  newer  and 
larger  works  has  made  it  necessary  to  examine  methods  of  sewage 
analysis  from  a  new  viewpoint.    Certain  hitherto  important  features 
of  the  analysis  have  assumed  comparatively  unimportant  r6les,  and  : 
new  determinations  have  been  developed  on  which  the  chief  reliance  i 
is  now  placed.    In  the  older  methods  of  sewage  purification,  almost 
complete  removal  of  organic  matter  and  oxidation  of  the  nitrogen 
were  obtained,  and  the  analytical  methods  employed  in  the  control  of 
such  plants  were  designed  to  test  their  efficiency  in  accomplishing  ] 
these  ends.    Consequently  the  determination  of  nitrogen  in  its 
different  stages  of  oxidation  and  of  organic  matter  in  general  were 
paramount.    These  determinations  are  only  of  minor  importance  in 
the  practical  control  of  modern  rapid  filters,  where  oxidation  of 
nitrogen  is  incidental  and  removal  of  organic  matter  is  but  slight 
Suspended  solids,  available  oxygen,  and  the  character  of  the  effluent 
in  reference  to  its  stability  now  demand  first  consideration.    As  the 
production  of  a  stable  effluent  is  the  primary  function  of  such  filters, 
the  determination  of  stability  becomes  the  most  important  analytical 
method  in  filter  control.    This  point  has  been  generally  recognized, 
and  incubation  or  putrescibility  tests  of  one  form  or  another  are  in 
general  use,  often  at  places  where  no  further  analyses  are  made.  It 
unfortunately  happens,  however,  that  there  are  many  different  con- 
ceptions of  what  putrescibility  really  is  and  many  different  methods 
of  determining  it.    Consequently  statements  of  results  lose  much  of 
their  significance  and  comparisons  are  difficult  or  impossible.  The 
present  article  is  a  review  of  the  subject  for  the  purpose  of  establish- 
ing the  fundamental  facts  and  of  harmonizing  current  opinions. 
A  method  of  determining  stability,  which  has  been  in  use  by  the 
writer  for  nearly  three  years,  and  a  numerical  method  of  expressing 
results,  by  which  quantitative  value  is  given  to  the  test,  are  also 
presented. 

a  /melioration  made  at  t ho  sanitary  research  laboratory  ami  sewage  experiment  station  of  the  IfaBft* 
chusntts  Institute  of  Technology. 
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PUTRESCIBILITY. 

Putrescibility,  as  applies!  to  organic  matter  in  general,  implies  the 
ability  of  that  matter  to  undergo  offensive  putrefactive  decomposi- 
tion. In  a  strict  sense  putrefaction  is  a  term  applied  to  nitrogenous 
ronly,  though  ibis  is  a  popular  rather  than  a  logical  conception, 
ly  what  constitutes  offensive  putrefactive  decomposition  in  a 
effluent  is  a  matter  on  which  opinions  differ.  Such  decompo- 
u*  always  anaerobic,  and  it  is  usually  accompanied  by  the 
lotion  of  offensive  odors.  These  two  phenomena  have,  therefore, 
farmed  the  basis  of  moat  putreseibility  tests.  Some  criteria  of 
t refaction  which  have  been  employed  are:  (I)  Development  of 
eitfiv*  odors;  (2)  formation  of  black  sediment;  (3)  reduction  in 
amount  of  dissolved  oxygen;  (4)  loss  of  all  dissolved  oxygen; 
)  loss  of  all  available  oxygen,  including  that  of  nitrates  and  nitrites; 
tad  (6)  increase  in  the  oxygen-consumed  figure,  Some  of  these 
test*  are  based  on  partial  reduction  of  the  available  oxygen  in  the 
effluent;  others  depend  on  the  complete  reduction  of  the  available 
•my gen  and  subsequent  anaerobic  fermentation.  The  tests  most 
commonly  employed  belong  to  the  latter  group,  depending  on  the 
production  of  odor  or  of  hydrogen  sulphide,  blackening  •  »f  the  liquid, 
*  reduction  of  organic  dyes,  Tlie  test  which  depends  on  an  increase 
the  oxygen-consumed  figure  during  incubation  is  also  in  tliat 
because  anaerobic  fermentation  alone  renders  organic  matter 
more  readily  oxidixable. 

These  two  types  of  test  illustrate  two  distinct  points  of  view 
which  should  be  clearly  differentiated.  An  effluent  may  he  regarded 
an  being  composed  of  a  given  mass  of  organic  matter  dissolved  or 
suspended  in  a  definite  amount  of  water.  The  water  contain*  it  I  so 
a  definite  amount  of  available  oxygen  in  the  form  of  free  dissolved 
oxygen,  nitrites,  nitrates,  ami  possibly  of  other  compound*.  All  the 
organic  matter  is  oxidizahlc  to  some  extent,  and  to  that  extent  it 
•erves  as  bacterial  fowl.  Tlie  greater  the  amount  of  organic  mat* 
and  the  greater  it*  oxidizability  tlie  greater  is  the  absorption 
oxygen  from  the  medium.  Consequently  a  reduction  of  available 
ygen  in  the  effluent  during  incubation  a  measure  both  of  the 
•tint  of  organic  matter  present  am!  ■  f  its  capability  of  oxidation, 
a  small  amount  of  readih  oxidi%abfo  matter  has  the  same  effect 
the  result  as  a  larger  amount  of  more  stable  matter,  a  test  of 
this  kind  indicates  whether  "«r  not  the  organic  matter  i-otwnnes 
oxygen;  but  it  does  not  show  whether  or  not  the  supply  of  available 
ygen  is  sufficient  to  prevent  the  establishment  of  anaerobic  condi- 
Thta  important  question  of  the  balance  between  the  oxygen 
rd  by  the  organic  matter  and  the  oxygen  available  in  the 
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liquid  is  taken  into  consideration  by  tests  of  the  second  kind  men- 
tioned, namely,  those  dependent  on  the  establishment  of  anaerobic 
conditions.    Such  tests  do  not  involve  estimation  of  the  amount 
and  the  kind  of  organic  matter;  indeed,  organic  matter  which  does 
not  absorb  any  oxygen  from  the  liquid  under  the  conditions  of  an 
incubation  test  must  be  very  highly  oxidized;  and,  furthermore, 
most  organic  matter  derived  from  sewage  is  putrescible  in  itself — 
that  is,  if  it  is  stored  by  itself  in  the  absence  of  oxygen,  it  undergoes 
putrefactive  changes.    The  question  at  issue  is  not,  however,  whether 
the  organic  matter  itself  will  putrefy,  but  whether  the  effluent  as  a 
whole  will  become  so  reduced  in  oxygen  that  putrefaction  will  become 
possible.    In  other  words,  it  is  simply  a  question  of  a  balance  between 
the  available  oxygen  of  the  effluent  and  the  oxygen  which  the  organic 
matter  will  require  during  the  incubation  period.    It  wTould  seem 
that  the  problem  might  readily  be  solved  by  determining  this  bal- 
ance, but,  unfortunately,  it  is  not  a  simple  matter,  because  the 
action  involved  is  bacterial.    Many  attempts  have  been  made  to 
determine  the  oxygen  balance  analytically,  but  such  tests  answer 
only  with  very  good  and  very  bad  effluents,  for  which  an  inspection 
of  the  sample  would  serve  just  as  well.    When  there  is  doubt  about 
the  character  of  the  effluent — the  condition  for  which  such  informa- 
tion is  of  most  value — all  such  analytical  procedures  have  heretofore 
failed.    It  is  evidently  impossible  to  imitate  with  any  degree  of 
precision  the  bacterial  activities  that  are  involved.    There  remains, 
then,  but  one  satisfactory  expedient:  To  let  the  reaction  proceed 
by  itself  and  to  note  the  result.    But  here  also  there  are  difficulties, 
because  bacterial  reactions  of  this  sort  are  necessarily  slow  in  reach- 
ing equilibrium,  and  the  time  required  by  a  nicely  balanced  effluent 
is  greater  than  can  be  allowed  in  routine  work.    Some  arbitrary 
period  of  time,  therefore,  is  usually  adopted,  and  it  is  in  respect 
to  this  factor  that  the  confusion  rises.    If  stability  is  to  be  con- 
sidered a  definite  qualitative  characteristic  of  an  effluent,  that 
characteristic  should  be  determined  by  a  test  sufficiently  prolonged 
to  insure  equilibrium,  but  such  procedure  is  not  feasible  for  obvious 
practical  reasons,  and  it  is  not  desirable,  because  it  is  not  enough 
simply  to  know  that  the  available  oxygen  is  sufficient  or  insufficient 
to  satisfy  the  demands  of  the  bacteria  that  are  working  on  the 
organic  matter.    If  the  available  oxygen  is  sufficient,  there  is  perfect 
stability  -a  definite  condition;  if  it  is  insufficient,  there  is  still  sta- 
bility in  the  quantitative  sense    a  relative  stability  determined  by 
the  relation  of  the  available  oxygen  to  the  total  amount  of  oxygen 
required  by  the  organic  matter  for  perfect  stability.    In  practice 
the  latter  condition  is  the  one  usually  encountered. 


PrTRESCTBTUTV  AND  STABILITY  OF  EFFLUENTS* 


RKLATIVK  STABILITY. 
DEFINITIONS. 

e  term  putrescibility  has  had  so  many  and  so  varied  meaning 
in  dictionaries,  in  popular  parlance,  and  particularly  in  the  minds 
of  water  chemists,  that  it  is  proposed  to  employ  the  word  siability 
for  thai  desirable  quality  which  is  the  usual  object  of  sewage  purifica- 
tion— the  transformation  of  the  organic  matter  to  such  form  that  it 
ii  incapable  of  undergoing  offensive  putrefaction.  This  term  has  the 
added  advantage  of  implying  a  positive  characteristic  that  is  acquired 
during  purification,  and  it  conveys  a  much  more  definite  impression 
of  the  thing  under  discussion  than  the  negative  term  jnitnncibitityt 
A  few  more  definitions  are  necessary  in  order  to  simplify  the  dis- 
cussion. The  time  required  to  establish  anaerobic  conditions  in  an 
effluent  which,  on  incubation  in  a  closed  bottle,  is  subject  to  bacterial 
activities  producing  such  conditions  may  be  called  for  brevity  the 
minting  Hnu;  the  total  amount  of  oxygen  initially  present  in  the 
rm  of  free  dissolved  oxygen,  nitrites,  nitrates,  and  possibly  other 
it  nations  may  be  called  nmilnhlt  oryqni;  the  Irrm  oxygen 
uired  for  equilibrium  or  simply  required  oxygen  may  be  understood 
to  express  the  total  amount  of  oxygen  whieh  would  he  consumed  b\ 
bacteria]  action  in  the  effluent  if  the  latter  were  supplied  with  an 
unlimited  amount  of  oxygen  and  if  the  reaction  were  allowed  to 
proceed  to  a  condition  of  substantial  equilibrium.  An  effluent  of  the 
character  under  discussion  is  not  stable  in  the  absolute  sense,  because 
it*  available  oxygen  is  less  than  ihe  oxygen  require. i  for  eqiuhbriuni : 
but,  of  two  such  effluents,  that  one  is  obviously  the  belter  which 
contain*  the  greater  amount  of  available  oxygen  in  proportion  to  its 
required  oxygen.  In  other  words,  effluents  of  this  class  hove  a  certain 
relative  stability  which  is  indicate*!  by  the  ratio  of  the  available 
oxygen  to  the  required  oxygen*  Tliis  relative  stability,  us  will  be 
shown t  can  be  measured  by  the  rime  required  to  reach  the  anaerobic 
stage.  The  term  stability  without  qualification  is  employed  in  this 
paper  to  describe  that  condition  in  w  hi«  h  I  he  available  oxygen  exceed* 
the  required  oxygen,  and  the  term  relative  stability  is  used  to  indi- 
cate the  character  of  the  effluent  in  The  sense  suggested,  A  perfectly 
stable  effluent,  therefore,  has  a  relative  stability  of  100  per  cent. 

It  is  apparent  that  time  is  mi  important  element  in  stability  testa, 
and  that  it  is  not  compatible  with  the  idea  of  relative  stability  to 
select  an  arbitrary  period  of  time  for  establishing  the  line  of  de- 
marcation between  stability  and  putrescibility.  It  ifl  obviously 
unfair  to  record  one  effluent  as  nonstable  hernu*r  it  holds  up.  or 
fails  to  putrefy t  for  only  three  days  and  to  record  another  as  stable 
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because  it  "holds  up"  for  four  days.  A  filter  might  deliver  during 
one  week  an  effluent  that  would  fail  to  pass  a  four-day  incubation 
test  by  a  narrow  margin  and  might  deliver  during  the  next  week 
almost  crude  sewage  for  four  days  and  a  passable  effluent  for  three. 
Obviously,  the  first  week's  run  would  be  the  better  and  should  be  so 
recorded;  but,  under  the  present  practice  in  many  places,  all  the 
samples  during  the  first  week  would  be  putrescible  and  40  per  cent 
of  those  during  the  second  week  would  be  nonputrescible.  The  first 
requisite,  therefore,  in  logical  study  of  the  problem  is  that  the  time 
required  for  an  effluent  to  reach  a  condition  of  anaerobic  decomposi- 
tion shall  be  taken  as  an  index  of  its  relative  stability.  This  time 
element  is  absolutely  indispensable,  and  any  test  that  is  adopted  for 
the  determination  of  relative  stability  should  be  of  such  a  character 
that  the  length  of  time  required  for  the  sample  to  reach  a  given 
anaerobic  condition  may  be  recorded. 

ESTIMATION  OF  THE  REDUCING  TIME. 

Many  tests  have  been  devised  to  determine  whether  or  not  an 
effluent  is  putrescible,  and  a  review  of  the  subject  with  the  details 
of  the  methods  proposed  has  been  given  elsewhere."  In  any  deter- 
mination of  the  time  required  to  exhaust  the  available  oxygen  in  an 
effluent  the  following  conditions  must  be  fulfilled:  (a)  The  sample 
must  completely  fill  the  bottle,  the  stopper  of  which  must  be  tight 
and  must  not  be  removed  during  the  test;  (b)  determinations  must 
be  made  at  a  standard  temperature;  (c)  observations  must  be  made 
at  least  as  frequently  as  once  a  day.  If  a  test  is  employed  which 
necessitates  opening  the  bottle  in  order  to  observe  the  condition  of 
the  sample,  one  bottle  must  be  incubated  for  each  day  that  the  effluent 
is  under  observation.  This  is  true  for  any  test  which  depends  on  a 
chemical  determination  of  any  constituent  or  which  depends  merely  on 
the  odor  developed.  Obviously  such  tests  are  not  well  adapted  to  the 
conditions  heretofore  stated.  A  simpler  procedure  is  one  in  which 
the  anaerobic  condition  can  be  detected  by  the  appearance  of  the 
effluent-  without  opening  the  bott  le.  The  anaerobic  fermentation  that 
occurs  immediately  after  the  complete  exhaustion  of  the  oxygen 
is  usually  accompanied  by  a  production  of  hydrogen  sulphide. 
Consequently  an  indicator  that  is  sensitive  to  hydrogen  sulphide 
is  adyantageous  in  detecting  the  beginning  of  the  anaerobic  fer- 
mentation. Fortunately  delicate  indicators  are  available  for  this 
purpose,  for  certain  organic  dyes  are  readily  reduced  to  correspond- 
ing leuco-com pounds  under  anaerobic  conditions.  Methylene  blue 
is  an  organic  dye  of  this  character,  and  it  is  reduced  to  its  colorless 
leuco  base  by  hydrogen  sulphide,  alkaline  sulphides,  and  by  the 
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reducers  used  in  dyeing.  Its  employment  for  the  study 
of  stream  pollution  was  first  proposed  by  Spitta,"  and  it  whs  Inter 
m.-rv  feoroughly  in  vest  iga  tod  1>  v  Spitta  and  Weldert  b  as  a  test  f<jr 
rwt^r  effluent*. 

Methylene  blot!,  or  tetra-methyl-thionin  chloride,  is  a  commercial 
dye  of  complex  constitution,  having  the  empirical  composition 
C^fl* XjSCL  Merck's  medicinal  preparation  is  pure  and  it  is  prefer- 
able to  the  commercial  article  for  sewage  work.  It  is  an  extremely 
ire  indicator  for  hydrogen  sulphide  and  other  reducing  bodies, 
decolorised  at  once  in  the  presence  of  even  small  traces;  its 
drcolorixation  by  bacterial  action  has  been  studied  by  many  observers, 
ike  principal  of  whom  are  cited  by  Spitta  and  Weldert/  The 
technique  of  its  use  in  testing  a  sewage  effluent  is  extremely  simple. 
One  cubic  centimeter  of  a  one-tenth  per  cent  aqueous  solution  of  the 
dye  U  added  to  the  effluent  in  a  glass-stoppered  bottle  of  250  cubic 
leters  capacity,  and  the  sample  is  then  incubated  either  at  20°  C. 
at  37°  C.  The  blue  color  of  the  solution  remains  practically 
till  the  available  oxygen  contained  in  it  has  lieen  consumed 
putrefactive  conditions  have  been  established.  At  this  stage 
the  dye  is  reduced  and  decolorized.  The  time  required  for  such 
dacoloruation  is,  therefore,  approximately  the  time  required  for  the 
exhaustion  of  the  available  oxygen.  The  dye  is  an  indicator  for  what 
mmj  be  called  the  oxygen  neutral  point,  the  point  at  which  the  avail- 
able oxygen  becomes  exhausted  and  anaerobic  conditions  are  estab- 
Some  tftudiea*  made  at  the  sewage  experiment  station 
the  earlier  conclusion  of  Spitta  and  Weldert,  that  the  end 
indicated  by  this  dye  is  almost  exactly  the  desired  neutral 
The  order  in  which  different  forms  of  oxygen  are  reduced 
to  be:  Dissolved  oxygen,  nitrates,  nitrites,  sulphates,  and 
joMorphatri  Methylene  blue  was  found  to  change  color  practically 
ax  the  same  time  as  the  nitrites  in  this  series.  It  is  readily  conceivable 
mo  indicator  might  possess  such  properties  that  it  would  be 
before  the  nitrates  or  even  before  the  total  exhaustion  of  the 
tptm  oxygen.  Another  indicator  might  change  only  after  the  reduc- 
tion of  the  sulphates).  The  fact  of  this  varying  end  point  has  been 
**dl  »howu  in  ft  recent  paper  hy  (  lurk  ami  Adams/  Cumparative 
Inmhetion  teats  were  made  with  17  dyes  as  indicators,  only  0  of  which 
reduced  during  the  incubation.  Arranged  in  the  order  of  their 
Inability  these  are:  Indigo  carmine  (sulphonated  indigo),  methyl- 
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ene  green,  and  methylene  blue;  and  then,  order  not  stated,  congo 
red,  methyl  orange,  and  tropaeolin.  The  average  time  computed 
from  20  tests  for  the  reduction  of  indigo  carmine  was  2  days;  for 
methylene  green  the  average  time  was  2.4  days;  and  for  methylene 
blue,  3.9  days.  As  it  is  of  course  impossible  to  hasten  or  to  retard 
the  reactions  that  are  taking  place,  these  differences  show  differences 
in  the  end  point  recorded  by  the  several  indicators. 

In  the  writer's  experiments  it  was  shown  that  the  end  point 
indicated  by  methylene  blue  is  probably  that  point  at  which  the 
free  oxygen  and  the  nitrates  are  practically  exhausted  and  reduction 
of  the  sulphates  is  just  beginning.  This  is  understood  to  be  the  point 
at  which  anaerobic  conditions  are  established.  The  work  was  not 
undertaken,  however,  for  the  purpose  of  determining  the  end  point 
accurately,  and  it  is  possible  that  the  end  point  of  methylene  blue 
is  a  little  too  far  along  and  that  either  methylene  green  or  indigo  tin 
indicates  t  lie  desired  point  more  closely.  Just  as  it  is  essential  in 
other  branches  of  analysis  to  specify  the  indicator  that  shall  be  used 
in  a  given  determination,  in  order  to  prevent  confusion  in  compara- 
tive work,  similarly  it  is  important  in  this  test  to  adopt  a  standard 
indicator  as  a  basis  of  comparison.  The  results  of  all  experiments 
thus  far  are  in  favor  of  methylene  blue,  and  that  dye  is  now  widely 
and  satisfactorily  used  in  the  laboratories  of  the  country:  conse- 
quently, its  retention  as  a  standard  appears  advisable,  at  least  until 
further  experimental  evidence  is  available.  The  present  series  of 
comparative  stability  values  is  calculated  on  the  assumption  that 
methylene  blue  be  used.  A  change  in  the  final  end  point  adopted  I 
would,  of  course,  necessitate  a  remodeling  of  the  computations.  1 

THEORKTICAL  RELATION  BETWEEN  REDUCING  TIME  AND 
RELATIVE  STABILITY. 

The  time  required  for  complete  exhaustion  of  the  oxygen  fn>m 
an  eflhient  -  the  reducing  time    is  obviously  not  a  simple  function 
of  its  relative  stability,  but  there  is  a  well-known  theoretical  relation  > 
between  velocity  of  reaction  and  amount  of  reacting  substance,  , 
from  which  it  is  possible  to  compute  one  from  the  other.    It  is  a  j 
principle  of  physical  chemistry  that  the  velocity  of  a  chemical  reaction 
is  a  function  of  some  power  of  the  concentrations  of  the  reacting 
substances.    In  the  simplest  cases  the  velocity  varies  directly  as 
the  concentration.    The  bacterial  reactions  that  have  been  investi- 
gated also  conform  to  this  law,"  and  it  has  been,  therefore,  applied  to 

"Chick.  II..  An  invrsliijution  of  i  lit-  l:iws  of  •lisinfivtiou:  Jour.  Hyp.,  vol.  8,  190$,  p.  92. 
LuIxmiuii.  C,  Zur  SailrpliilfluniTiIrr  I>i [»hi h*Tn'! 'nzilli-n:  Arrh  f.  Hvir..  vol.  m>,  190K,  p.  30ft. 
F.iriuilt'uor,  W.,  ami  M:nl«»n.  T..  I >i«*  Akschwiirhuntr  «lcr  Aniii^'ii  iluirh  Erwiirmung:  Richrai. Zatuofr 
vol  11.  l'.KK  p.  ISO. 

X.iivi.isky.  V.,  ri*»rilH- 1  ru^-t zimn  \<m  Amitiusuiirvu  iluivh  li.prottv*  \ulgarU:  Arrh.  f.  nyg.,T<rf.*  I 
J'tfN.  p.  'Jtr.K  I 
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it  study.  The  exact  expression  of  the  function  need  not 
'  detailed,  for  it  run  easily  be  seen  that  this  general  law  is  apprnxi- 
itely  applicable,  if  one-half  t hi*  uork  of  oxidation  is  accomplished 
one  day,  the  availability  of  the  organic  matter  as  a  food  supply 
reduced  one-half,  and  the  consequent  bacterial  activity  on  the 
ic  matter  in  reduced  accordingly;  at  the  beginning  of  the 
day  food  supply  and  bacterial  activity  are  in  the  same  rela- 
pru portion*  and  the  name  relative  amount  of  work  is  done  again; 
iat  one-half  of  the  remaining  work  of  oxidation  will  be  done 
the  second  day.    This  law  is  expressed  by  the  following 

log.  x  — log*  ct— tf 

is  the  amount  of  oxygen  required  for  equilibrium  at  the 
MM  of  the  action,  and  x  is  the  amount  similarly  required 
the  end  of  the  time  f,  while  it  is  a  constant  known  as  the  velocity 
it-    If  ci  grains  of  oxygen  are  required  for  initial  equilibrium, 
f  s  grams  are  required  after  the  sample  has  been  incubated  in 
it  bottle  for  a  period  of  time  which  may  be  termed  t  days, 
i)  grams  of  oxygen  have  been  abstracted  from  the  liquid  by  the 
matter.    If  the  available  oxygen  nf  the  liquid  has  just 
completely  exhausted  at  the  end  of  t  days,  the  value  (a  -ar) 
the  amount  of  available  oxygen  originally  present  in  the 
It  is  not  even  necessary  to  know  the  actual  amounts  of 
because  the  ratio  of  available  oxygen  to  the  oxygen  initially 
for  equilibrium  gives  a  relative  stability  factor  that  obviates 
of  the  actual  amounts.    The  ratio  is 

a 

value  of  tilts  expression  in  terms  of  t  and  k  can  be  found  by 
the  logarithmic  equation  given  above: 

i-\  \  «?-»-» 

cotul  term  of  this  equation,  therefore,  is  equal  to  (he  ratio 
the  total  available  oxygen  and  the  oxygen  required  for 
librium,  the  ratio  being  expivmed  in  terms  of  a  constant  anil  the 
;  lime*   This  ratio  is  the  relative  stability, 
ami  s  could  be  determined  by  analysts  it  would  be  possible  to 
the  value  of  I  by  a  few  tests.    It  has  already  been  shown, 
that  there  t*  no  simple  chemical  method  of  determining 
it  of  oxygen  which  is  consumed  by  the  organic  matter 
natural   condition*.    A   possible   method   involve*  actual 
of  the  amount  of  oxygen  absorbed  by  the  liquid  in  a 
to  insure  virtual  equilibrium.   M*  taw 
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ever,  Jc  is  determined  only  approximately  and  if  a  series  of  values  for  . 
(1  is  obtained  for  all  values  of  t,  the  terms  of  this  series  bear  j 
practically  a  constant  relation  to  each  other,  even  if  it  is  varied  cod-  : 
siderably .  The  number  expressing  the  relative  stability  is,  in  any . 
case,  a  true  index  of  the  character  of  the  effluent,  independently  of  tfar 
further  requirement  that  it  shall  be  the  absolute  ratio  of  the  availabk 
oxygen  to  the  required  oxygen.  If  it  is  not  this  absolute  ratio  it J 
stands  in  constant  but  unknown  relation  to  it. 

An  indirect  method  has  been  devised  for  determining  the  vahfc 
of  Jc  with  a  degree  of  accuracy  which  is  ample  for  the  present  <&*; 
cussion.    For  this  purpose  the  results  of  2,649  separate  stability 
tests  have  been  analyzed.    The  nature  of  these  samples  and  tin 
manner  of  determining  the  reducing  time  t  is  described  on  pages  78 
to  80.    It  is  sufficient  to  state  that  the  reducing  time  was  from  out; 
to  twenty  days  in  most  of  the  tests,  while  many  of  the  samples  showed 
a  relative  stability  of  more  than  100  per  cent.   As  the  samples  which 
required  a  reducing  time  between  one  and  twenty  days  had  relative 
stabilities  ranging  from  zero  to  100  per  cent,  it  was  assumed  for  the ; 
purpose  of  approximating  the  value  of  Jc  that  one-half  had  vahws 
less  than  50  per  cent  and  one-half  values  greater  than  50  per  ceofc 
Such  assumption,  of  course,  is  justifiable  only  with  a  large  number  of 
observations,  but  it  is  believed  that  it  is  sufficiently  accurate  in  ttoJ 
present  case.    Inspection  of  the  tabulated  results  showed  that  a 
stability  of  50  per  cent  was  attained,  at  a  temperature  of  20°  C,  in 
almost  exactly  three  days,  thus  making 

1  -  A:3  =  0.50;  or  it  =  0.794. 

If  this  value  of  Jc  is  substituted  in  the  equation  before  mentioned, 
the  following  values  of  the  relative  stability  corresponding  to  the  time 
t  in  days  are  obtained. 

Table  1. — Relation  between  reducing  time  and  relative  stability  at  20°  C. 


Reducing 

Relative  1 

Reducing 

Relative 

tfme  in  days. 
(*.) 

stability. 

time  in  days. 

stability. 

(1-0.704/.) 

CO 

(l-a794*.) 

1 

3.  1 

9 

87 

2 

37 

10 

90 

3 

50 

11 

92 

4 

(50  1 

12 

94 

5 

68  1 

14 

96 

75 

10 

97 

7 

80  1 

18 

98 

8 

84  1 

20 

99 

These  values  of  relative  stability  are  strict  measures  of  the  char* 
acter  of  the  effluent.  An  effluent  which  contains  more  than  sufficient 
oxygen  to  establish  stability  should  have  a  stability  of  100;  in  othtf 
words,  it  would  never  reach  the  anaerobic  stage.  In  practice  it  il 
necessary  to  *>e  time  limit  to  v\\o>  teste  and  give  an  avertf*^ 
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itr  value  to  all  tests  exceeding  this  limit.  This  value  is  sof- 
tly high  lo  indicate  the  character  of  the*  effluent.  On  (he 
other  hand,  crude  sewage  containing  a  little  dissolved  oxygen  is 
oocnpletely  reduced  in  one  or  two  hours,  or*  if  it  contains  no  dissolved 
oxygen,  decolorizes  methylene  blue  at  once;  in  numerical  expres- 
mm  ha  relative  stability  is  practically  xero.  These  figures  are  com- 
parative, because  they  may  be  added  and  divided  to  obtain  periodical 
average*  and  the  averages  thus  obtained  are  properly  weighted* 
i  not  so  if  the  reducing  times  themselves  are  averaged.  The 
are  also  an  approximate  measure  of  the  ratio  between  the 
available  oxygen  in  the  effluent  and  the  amount  of  oxygen 
tired  for  the  production  of  stable  equilibrium  in  the  organic 
Iter,  and  it  is  believed  that  the  approximation  is  suilieiently  close 
j  ordinary  purpose*  of  interpretation. 

DETERMINATION  OF  RELATIVE  STABILITY, 
INCUBATION  PERIODS. 

iility  a»  previously  defined  is  a  numerical  measure  of 
relation  between  available  oxygen  and  required  oxygen  and  it  is 
function  of  the  reducing  time,    Some  practical  application*  of 
at  ability  values  in  Table  1  remain  to  be  outlined. 

ibation  period*  exceeding  live  days  arc  inconvenient  and 
►ly  unnecesaary  in  practical  work,  but  in  experimental  work 
more  detailed  knowledge  is  desired,  longer  period*  may  bo 
to  advantage.  At  the  sewage  experiment  station,  a  fourteen- 
period  has  been  adopted.  During  the  past  two  years  tests  have 
made  of  more  than  2,600  samples  of  trickling-tiUer  effluents  of 
a  quality  thai  moat  of  them  were  near  the  bonier  line  between 
factory  and  unsatisfactory  effluent*.  Most  of  them  were  on  the 
fide,  bat  some  of  them  were  unsatisfactory  for  considerable 
The  results  of  this  large  numl>er  of  tests,  therefore,  const i- 
an  admirable  basis  for  studying  the  advisability  of  using  shorter 
of  incubation.  In  the  summary  of  the  results  in  Table  2 
tht  u»to  are  divided  firot  in  ten  groups  corresponding  to  the  different 
ftcia  and  the  yearn  during  which  the  test*  were  made.  Effluents 
t»B,  C,  and  I)  are  from  trickling  filters  before  sedimentation;  E  and 
f  tie  the  same  effluents  after  two-hour  sedimentation.  The  results 
to  earn  group  are  subdivided  in  order  to  show  the  per  cent  id  the 
of  samples  that  retained  available  oxygen  at  the  end  of 
periods*  The  results  shown  in  this  table  have  lieen  platted 
ml  from  the  plats  the  numlwr  of  samples  which  would  have  retained 
tradable  oxygen  after  twenty  day*  have  l>ecn  determined  by  exter- 
fdbtion  fmm  a  plat  of  the  results  for  shorter  peruata  ol  Ume. 


84 


PUTBESCIBIUTY  AND  STABILITY  OF  EFFLUENTS, 


Table  2. — Summary  of  stability  lento  of  tricklina-filter  effluents,  showing  lime  mptind 
to  exhaust  the  available  oxygen.*1 


Kffluont. 


A. 
13. 
('. 
F. 
A. 
B. 
C. 
D. 
E. 
F. 


I  Num- 
'  bcrof ! 
Period.!  sain-  i 


Per  cent  of  samples  retaining  oxygen  after— 


_l 


1907-8 


388  I 
388 
388 
388 
223  | 
22.1  1 
212 
189 
38 
210 


1 

2 

3 

4 

6 

8 

10 

12 

14 

301 

day. 

1 

days. 

days. 

days. 

days. 

days. 

days. 

days. 

days. 

dap. 

91 

83 

75 

«7 

58 

54 

48 

45 

42 

S 

93 

87 

81 

70 

t»7 

02 

58 

50 

.*»3 
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1  97 

91 

8t> 

83 

78 

74 
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70 

70 
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73 

71 

38 

32 

28 

25 

22 

20 

17 

15 

15 

•14 

39 

31 

25 

22 

14 

9 
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4 

I 

29 

19 

12 
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4 

3 

3 

2 

I 

17 

5 

1 

0 

0 

0 

0 
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50 
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5 

5 

2 

0 

0 

0 

20 

14 

10 

<i 

3 

2 

I 

1 

1  1 

i 

<*  Indicator,  methylene  blue;  U-inperutuiv  of  incubation,  20°  C. 


&  Values  exterpolaW. 


If  it  is  assumed  that  in  practice  an  incubation  period  of  four  days 
at  20°  C.  will  be  employed,  it  is  possible  to  show  from  the  data  in 
Table  2  what  relative  stability  values  should  be  assigned  to  samples 
that  retain  some  available  oxygen  after  four  days.  Such  samples 
may  be  divided  into  two  hypothetical  groups,  namely ,  those  which 
would  have  lost  their  oxygen  between  four  and  twenty  days  and 
those  wliich  would  have  retained  it  more  than  twenty  days.  Obvi- 
ously a  relative  stability  of  100  may  be  assigned  to  the  latter  because 
the  value  at  twenty  days  is  99.  An  average  time  of  ten  days  may 
be  selected  for  the  period  between  four  and  twenty  days,  thus  mak- 
ing proper  allowance  for  the  decreasing  number  of  samples,  wliich 
reduce  each  day,  and  a  relative  stability  of  90  may  be  assigned  to  that 
group.  Between  -to  and  0o*  per  cent  of  the  samples  which  passed  tiie 
four-day  period  were  reduced  before  twenty  days.  This  per  cent 
varied  with  the  quality  of  the  diluent,  but  it  may  be  taken  as  50  per 
cent  without  introducing  an  error  of  more  than  5  per  cent  in  the  final 
result  in  any  group.  For  practical  purposes  it  may  be  assumed  that 
one-half  of  all  tests  passing  a  four-day  period  of  incubation  will  ltf 
reduced  before  twentv  davs,  or  in  an  average  time  of  ten  davs,  and 
that  one-half  will  exceed  twenty  days.  This  gives  95  for  an  aver- 
age relative  stability  value  of  the  whole  number  of  samples.  If  a 
four-day  period  of  incubation  at  20°  C.  is  adopted,  each  sample 
reduced  on  the  first,  second,  third,  or  fourth  day  may  be  recorded 
as  having  a  relative  stability  of  20,  o7,  50,  and  00,  respectively,  and 
all  samples  retaining  available  oxygen  after  four  days  may  be  given 
a  relative  stability  of  95.  An  individual  result  obtained  in  this 
manner  will  have  but  little  accuracy,  and  when  only  a  few  tests  are 
made,  an  incubation  period  of  at  least  10  days  should  be  employed. 
On  the  other  hand,  when  daily  tests  are  made,  the  method  outlined 
will  give  for  monthly  periods  average  results  that  are  very  close  to 
the  truth.    Kelative  stability  values  r-wlv.uU.ted  from  the  data  in 


Table  2  for  the  entire*  twenty-tiny  period  of  incubation  arc  com- 
pared  in  Table  3  with  similar  values  obtained  by  the  shorter,  four-day, 
method.  The  agreement  is  satisfactory*  If  smaller  numbers  of 
tastn  an*  considered,  the  distribution  naturally  will  not  be  so  regular 
and  greater  errors  will  be  introduced  in  the  results  calculated.  In 
order  to  determine  the  accuracy  of  the  proposed  method,  the  first 
776  samples  of  Table  2  have  been  subdivided  into  twelve  quarterly 
groups,  containing  from  36  to  78  samples  in  each  group,  and  the 
relative  stability  values  have  been  calculated  for  these  smaller 
gn>u|ig,  a*  shown  in  Table  4. 

T*PL*  3  —  Companion  of  re  hit*  re  utabtlrty  reunite  obtained  from  the  twenty -day  intubation 
period  thotvn  in  7\ihle  I  tmth  ttiftte  rrtlrulnted  from  a  fom-daa  period. 


111* rj  * 


77 


M 
41 
41 


TaBLC  A  —42omperilOn  *>f  ftfatii*  risibility  rr*ult*  uhussneii  fr*>m  amultrr  numbers  of 
mm  pies  by  (he  use  <f  four.  *tj\  and  tirenty  day  initiation  fteris*J* 


"Hie  maximum  ermr  with  tin*  smaller  groups  is  about  10  per  cent, 
and  thto  error  ran  be  materially  reduced  by  basing  the  calculati  u 
on  a  somewhat  longer  iricuhaf  ion  jmti«h\.    T\\e  seco\v\  ctAvuYtw  \v\ 
Tmldm  4  thaws  the  re/a  five  stability  values  cakutaVeA  Ivora  a. 
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period,  and  the  maximum  error  in  this  computation  is  less  than  5  per 
cent.  If  the  greater  number  of  the  samples  of  a  well-purified  effluent 
retain  oxygen  after  four  days,  the  results  with  any  short  method  of 
calculation  will  be  low.  Since  a  value  of  over  95  can  not  be  obtained 
with  this  method,  it  is  obviously  impossible  to  provide  a  four  or  six 
day  method  which  will  give  accurate  results.  If  more  accurate  infw 
mation  is  necessary,  longer  periods  of  incubation — perhaps  as  longaa  * 
ten  days — are  advisable.  It  matters  little,  however,  whether  the  rdfc- ; 
tive  stability  is  95  or  99,  as  far  as  practical  results  are  concerned, 
because  either  value  represents  a  high  degree  of  purification. 

EFFECT  OF  TEMPERATURE  ON  THE  REDUCING  TIME. 

It  has  been  assumed  in  the  foregoing  discussion  that  the  tempera- 
ture of  incubation  is  20°  C,  and  there  are  certain  reasons  why  this 
temperature  is  better  than  higher  ones.  It  probably  represents 
more  nearly  than  any  other  the  average  temperature  of  stream, 
and  results  depending  on  bacterial  activity  should  be  obtained  near 
the  normal  temperature  to  which  the  bacteria  are  exposed  in  nature. 
Incubations  at  37°  C,  for  example,  probably  cause  the  development 
of  a  class  of  bacteria  quite  different  from  those  normally  at  work. 
The  most  serious  objection  to  higher  temperatures,  however,  is  the. 
fact  that  certain  effluents,  particularly  those  from  the  rapid  filters 
which  are  in  such  common  use,  contain  a  large  amount  of  dissolved 
oxygen,  frequently  8  or  10  parts  per  million,  and  this  represents  the 
greater  part  of  the  available  oxygen.  At  20°  C.  9  parts  per  million 
of  oxygen  is  the  saturation  point.  The  saturation  point  at  37°  C. 
has  not  been  determined,  but  it  is  not  over  7  parts  per  million,  80 
that  there  is  a  tendency  for  some  of  the  dissolved  oxygen  to  escape 
at  high  temperatures.  Tight  stoppers  will  not  prevent  the  escape 
of  this  released  gas  unless  great  care  is  taken  with  them,  and 
mercury  seals  are  hardly  adapted  to  routine  work.  It  is  therefore 
practically  impossible  properly  to  maintain  the  necessary  saturation 
conditions  at  a  temperature  higher  than  20°  C.  A  variation  of 
temperature  with  season  would  have  certain  advantages,  but  such 
adjustment  is  rather  impracticable.  Since  results  are  frequently 
obtained  at  37°  C,  the  relation  of  such  results  to  those  obtained  at 
20°  C.  has  been  investigated  and  has  already  been  reported.0  Vari- 
able relations  were  found,  as  was  expected,  but  the  average  results 
may  be  used  with  some  degree  of  accuracy.  It  was  found  that  the 
time  of  reduction  at  37°  C.  was  from  37  per  cent  to  72  per  cent  of 
that  required  at  20°  C,  and  the  mean  of  20  determinations  was 
exactly  50  per  cent.  Carefully  fitted  glass  stoppers  were  used  in 
the  bottles,  and  ordinary  precaution  was  taken  to  prevent  loss  of 
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xygen.    ff  haste  is  necessary,  a  temperature  of  37°  C.  will  give 
!u  in  about  one-half  the  time  required  at  20°  C,    But  the  use 
temperature  of  20°  is  strongly  recommended  whenever  it  is 
possible  to  employ  it. 


urMMAitv  or  method. 


Samples  should  he  col  lee  ted  in  glass-stoppered  bottles  of  150  or 
200  cubic  centimeters  capacity.  No  special  precautions  are  neces- 
sary in  collecting  samples  of  ordinarily  good  elllucnta  that  are  fairly 
igli  in  dissolved  oxygen.  If  the  dissolved  oxygen  is  low,  preeau- 
similar  to  those  used  in  collecting  dissolved  oxygen  samples 
Id  be  observed.  A  one-tenth  prr  rent  xJutiun  of  methylene 
blue,  preferably  Merck's  medicinal  quality,  is  used  as  indicator.  One 
cubic  centimeter  of  thin  solution  is  added  to  each  of  the  samples, 
which  are  then  incubated,  preferably  at  20°  (\.  for  four  days,  and 
observations  are  made  at  least  once  a  day.  The  samples  in  which  the 
methylene  blue  becomes  decolorized  are  recorded  as  having  a  rela- 
tive stability  corresponding  to  the  time  required  for  reduction. 
Those  tliat  are  blue  at  the  end  of  four  days  are  given  a  relative 
stability  value  of  95, 

Table  5  gives  the  relation  between  time  for  reduction  and  the  rela- 
tive stability.  Though  the  figures  up  to  four  days  an*  the  only 
ones  required,  the  entire  series  up  to  twenty  days  is  given  for 
comparison,  Relative  figures  for  incubation  at  37°  C.  also  art*  given, 
but  the  use  of  that  column  is  not  recommended,  except  when  i(  is 
alisolutely  necessary  to  use  fhe  higher  temperature,  or  when  it  is 
desired  to  convert  results  to  a  standard  basis  of  20°  C. 

Table  S.—R*fahtm  hehtrm  rttativt  ttahility  and  rrduring  Htm  at  :0°  and  at  S7*  C. 
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PUTRESCIBILITY  AND  STABILITY  OF  EFFLUENTS. 


INTERPRETATION  OF  RESULTS. 

The  arbitrary  tests  for  putreseibility  now  employed  require  no 
interpretation.    An  effluent  is  either  putrescible  or  nonputrescihle, 
according  to  whether  it  is  on  one  side  or  the  other  of  a  certain  line 
of  demarcation.    The  fact  that  the  dividing  lines,  for  there  are 
many  of  them,  are  perfectly  arbitrary  and  have  no  real  significance 
seems  to  have  been  overlooked.    Fixed  arbitrary  standards  in  scwajre 
analysis  are  undesirable  in  that  they  relieve  the  analyst  of  the  impor- 
tant and  dillicult  duty  of  interpreting  his  own  results  in  the  light  of 
his  own  peculiar  environment.    Some  general  observations  and  rules 
may  be  stated  for  aid  in  interpretation,  but  it  should  always  be 
borne  in  mind  that  such  interpretations  are  dependent  as  much  on  out- 
side conditions  as  on  the  analyses  themselves.    The  mere  statement, 
therefore,  that  75  per  cent  of  the  samples  of  a  tested  effluent  were  non- 
putrescible  has  no  bearing  whatever  on  the  broader  phases  of  inter- 
pretation.   These  facts  are  well  known  and  accepted  in  ordinary 
analytical  features.    The  aim  of  the  present  investigation  has  been 
to  place  the  important  determination  of  stability  on  the  same  basis. 
lTnder  this  proposed  method  of  determining  relative  stability  an 
interpretation  of  the  information  in  hand  is  rendered  possible.  A 
relative  stability  of  75  per  cent  means  that  the  effluent  in  question 
contain**  a  supply  of  available  oxygen  equal  to  75  per  cent  of  the 
amount  of  oxygen  which  the  ellluent  will  eventually  require  Wfore 
it  will  have  become  perfectly  stable.    The  amount  of  this  available 
oxygen  is  estimated  fairly  well  by  the  chemical  determination  of 
dissolved  oxygen  and  nitrates.    The  nitrites  are  usually  so  low  that 
the\  are  negligible,  and  it  is  unnecessary  to  decide  whether  or  not 
the  nitrates  represent   available  oxygen,  because  they  have  l>een 
included  in  the  test  and  must  be  considered  in  the  interpretation, 
rndouhiedh  the  nitrate^  will  not  be  used  in  the  stream  until  the 
dissolved  oxygen  of  the  water  has  been  reduced  to  a  low  point. 
Nevertheless,  i hi*  fact   remains  that  the  available  oxygen  in  the 
eilluent.  including  the  nitrates,  is  75  per  cent  of  that  required  for 
equilibrium,  and  that  the  remainder  must  come  from  the  water  of 
the  stream,  which  must  also  supply  enough  additional  oxygen  to 
replace  that  w  Inch  may  be  abstracted  from  the  nitrates  of  the  ellluent. 
if  aerobic  conditions  are  to  be  maintained.    Analyses  of  water  from 
the  stream  and  estimates  of  the  relative  volumes  of  the  stream  awl 
the  ellluent  complete  i he  data  necessary  for  a  full  interpretation. 

In  general,  effluents  having  a  relative  stability  greater  than  00  per 
cent  may  be  discharged  into  any  stream  without  danger  of  their 
consuming  any  of  the  oxygen  of  the  water,  because  el  fluents  of  such 
high  stability  will  retain  oxygen  indefinitely  on  exposure  to  the  air. 
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HE  FOLLITIOX  OF  STREAMS  BY  SULPHITE  PULP 
WASTE— A  STUDY  OF  POSSIBLE  REMEDIES." 


By  Earle  Bernard  Phelps. 


INTRODUCTION. 

The  pollution  of  streams  by  the  waste  liquors  resulting  from  the 
anufttrture  of  paj>er  pulp  by  the  sulphite  process  constitutes  one  of 
u*  mo>t  serious  stream-pollution  prohlems  with  which  science  has 
►  «loal  at  the  present  time.  The  seriousness  of  the  problem  is  the 
nvt  result  of  two  factors  the  tremendous  volume  of  such  waste 
|Ui»r>»  and  their  high  content  of  organic  matter  of  extremely  unde- 
raM«-  character.  An  approximate  estimate  of  the  amount  of 
ilplute  waste  liquor  discharged  into  the  streams  of  the  United 
ate*  in  one  year  is  given  in  the  subjoined  statement,  compiled  from 
ita  in  Forest  Circular  No.  120,  Forest  Service,  United  States 
ppartment  of  Agriculture. 

'.'».<■.  t  ,,t  %nlfj%,tf  %m*tr  litfuor  liixvhargetl  into  xtrramx  of  tht  1'niU'd  Stattx  during  1906. 


Million  gallons. 

Maim*    :m 

*  Ma>- u«  hiw-tt-    45 

Mi*  h iira n  ...    17"» 

N»*»  Ilain^hiri'    3S0 

NV»  York.  .     .    1,000 

«>hi«..    41 

iIp-kmi.    V2 

lVnu-\  Kama.  217 

Virginia .         .      S4 

W**l  Viruiiiij    89 

U  i«4  'iiu*in ...    .V40 

All  Mihi-r  Stat«-    41 


According  to  the  above  estimate,  the  total  amount  of  this  liquor 
«*lmrged  into  >t reams  throughout  the  country  in  one  year  is  more 
in  three  billion  gallons,  and  when  it  is  considered  that  of  this 
'»niioiiH  amount  10  per  cent  by  weight,  or  more  than  2.5  billion 
unds.  i>  solid  matter,  mostly  organic,  it  will  l>e  readily  conceded 
it  the  problem  of  its  disposal  is  one  of  no  small  magnitude. 


rt*  lomtuaikm  »u  mvl*  m  ruoprrafkm  wl:h  tn«»  MutlUry  mcuvh  kltormtory  anil  img* 
I  mmkm  W  tta  MMHihnwfH  huUlato  of  Tvcfenotacy. 
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GENERAL  DISCUSSION. 

Though  the  pollution  of  streams  by  sulphite  pulp  waste  is 
obvious  and  serious  matter  in  the  region  where  sulphite  mills  e 
the  literature  contains  but  few  references  which  throw  any  light 
the  actual  damage  caused.    In  Germany  the  regulations  of  the 
tary  authorities  hiv  strict    Ahrens  11  states  thai  pulp  i  mum  fact 
in  spite  of  constant  endeavor,  may  mine  into  conflict  with 
authorities  because  they  are  not  able  to  twot  the  requirements* 
regard  to  the  discharge  of  waste  waters  into  rivers,  and  he  adds  t" 
many  factories  in  Germany  have  actu  'Iy  been  obliged  to  shuJ  do 
for  that  reason,    San i tary  officers  in  the  United  States  are  m 
lenient,    This  is  due  partly  to  the  fact  that  the  streams  in  t 
country  are  larger  tad  the  greater  number  of  the  sulphite  mills 
located  in  less  densely  populated  regions. 

POLLUTION  OF  LAKE  CHAMPLAIN, 

In  some  plfciM  ittwn  pollution  from  this  cause  has  been  so  serio 
as  to  warrant  invest igat ion.    Lflighion*  in  his  invesi  igat ton  ot 
pollution  of  hake  Cham  plain,  made  a  study  of  sulphite  pulp  wast  r  us 
it  affects  A  usable  River,  which  he  found  ;o  be  a  black,  fnu]r  «vim\y 
polluted  stream  in  which  the  existence  ol  fish  or  other  forms  of  lite 
impossible,    lie  concluded,  however,  that  the  great  dilution  of  t 
river  waters  by  those  of  the  lake  rentiers  the  pollution  ' 
so  far  as  the  lake  waters  are  concerned. 

POLLUTION  OF  JAMES  RIVER, 

Levyc  made  a  careful  study  of  t lie  effect  of  sulphite  waste  pollu- 
tion on  James  River.  The  sources  of  pollution  are  at  Covington,  Vkj 
about  250  miles  by  water  abuve  Richmond,  whose  public  suppij  > 
derived  from  this  stream.  Levy  found  Jackson  Riwr\  into  which 
this  liquor  is  discharged  and  which  unites  with  the  Cowpasture  below 
Iron  Gate  to  form  the  James,  to  be  perfectly  clear  and  colorless. 
The  waste  entering  the  stream  first  turns  the  water  dark  brown  awl 
later  a  purplish  black.  Foam  is  created  at  the  outfall  and  whuWH 
the  stream  is  interrupted  by  falls  or  by  rapids.  This  appearance  can 
be  noted  for  the  entire*  distance  from  Covington  to  Richmon 
Dilution  is  prneliodly  the  only  means  of  improvement.  On  tl 
sanitary  side  of  the  question  Levy  considers  two  problems —  (1 )  whetb 

a  Zeitschr.  angew.  Chemie,1895,  p.  41. 

&  Leighton,  M.  O.,  Preliminary  report  on  the  pollution  of  Lake  Cham  pi  a]  n:  Water-Supply  Paper  TJ 
Geol.  Survey  No.  121, 1906. 

c  Levy,  E.  C,  Report  to  the  water  committee  on  the  Investigation  of  the  effect  of  trades  wm 
water  of  James  River  at  Richmond.  Richmond,  1905. 


writer  ox  various  streams. 


introduced  an*  themselves  actually  injurious  to  health, 
J)  what  influences  they  may  have  on  I hr*  multiplication  of 
irri»    The  liquor  ilwlf  as  it  enters  the  river  is  absolutely  sterile, 
only  on  account  of  the  actual  germicidal  substances  which  it 
t,  Inn  also  on  amount  of  (tie  fact  that  it  has  been  subjected 
it  twelve  hours  to  steam  under  a  pressure  of  SO  pounds  to  the 
inch.    Its  germicidal  properties  are  shown  in  the  following 


•trwfc/  drfirm  n./  gulpMir  wa*te  Utptor  on  foirJrnVi  m  hujhhj  jtolluttti  tvolerfrom 
Shoekof  Crtrk. 

I  hv  K.  C.  L*ry.) 


Number 

bjflari 

i  par  cn»4c 

or 

it  or 
oa£j) 

#»Ttt,  «-y  vnlttm»  tit  lirjuttr  in  ml  Out* 

<+* 

U  »tarL 

bunr*. 

AftarM 

hoim. 

tn24 
hour*. 

4.VtUO) 

2.mooo 
i;n(ono 

1 

4-10O 

M&QBO 

-  AO.* 

-  too 

-  I  no 

B 

Thr  number  of  bjicteria  in  the  water  at  the  commencement  of  the 
rriment  calculated  from  the  number  of  bacteria  present  in  the 
k  water  j  1  — *» I f  Where  the  reduction  is  more  than  fJQM 

crnt  it  h  given  as  loo  per  cent.    Even  very  small  amounts  of 
waM<*  liquor  have  an  antiseptic  action,  but  are  not  actually  gcr- 
thev  restrain  the  growth  of  bacteria  without  killing  them, 
tion  may  lie  harmful  rather  than  otherwise,  for  in  a  stream 
g  *cw#igc  certain  kinds  of  bacteria  eventually  rentier  the  sew- 
It  would  *eein  I  hat  as  the  character  of  this  waste  is 
Me  it  does  not  furnish  food  for  bacterial  growth. 
Complaint  is  made  that  the  water  of  the  .James  at  Richmond  is 
for  IwuJer  u*e,  both  on  account  of  its  corrosive  action  and  on 
nt  of  the  "'priming"  due  to  vegetable  mutter  present.  Aside 
the  matter  of  actual  harm,  however,  l^evy  states  that  the  water 
rrtnlrrcd  object ion able  in  ap]>caratice  by  this  waste.    The  dark- 
aliniMt  Murk  water,  with  its  accumulation  of  dirty  scum,  w 
by  the  consumer,  even  if  he  knows  that  it  is  probably 
to  drink  it.    In  a  bath  tub  this  color  is  very  pronounced,  ami 
tn  IP  small  a  quantity  as  a  tumblerful  it  is  decidedly  notice* 
Jamr*  River  is  practically  clear  for  certain  periotls  of  each 
«  and  at  wch  periikU,  under  normal  conditions,  no  further  treat- 
I  than  mere  storage  would  Is*  required  for  furnishing  *att»faetory 
these  periods,  on  ucrount  of  ibe  \o*i  Am  ul  X3&fc 
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river,  the  trouble  from  Covington  is  most  marked.  Plain  sedimen- 
tation has  absolutely  no  effect  on  the  color;  but  coagulation  will ' 
remove  a  large  part  of  it,  and  Levy  found  not  less  than  3  grains  of 
alum  per  gallon  necessary  for  this  purpose.  He  estimates  that  with 
a  daily  consumption  of  14,000,000  gallons  it  would  cost  $75  a  dij 
for  alum,  which  would  not  be  required  if  it  were  not  for  the  sulphite 
pollution,  and  states  that  even  then  the  water  would  not  be  perfectly 
satisfactory. 

Farther  up  the  river  complaints  have  been  made  that  fish  have 
been  killed  by  the  sulphite  waste.    The  opinion  is  expressed  that  if 
fish  arc  killed  it  is  perhaps  because  the  free  oxygen,  which  is  necessary  j 
for  their  life,  is  used  up,  rather  than  because  of  the  presence  of  sub- 
stances act  ually  poisonous  in  themselves. 

POLLUTION  OF  POTOMAC  RIVER. 

Some  experiments  to  determine  the  effect  of  sulphite  waste  pollu- 
tion on  fish  life  in  Potomac  River  are  reported  by  Marsh."  He  found 
a  decidedly  injurious  effect  on  fish  of  different  kinds  in  dilutions  vary- 
ing in  strength  from  1  part  of  waste  liquor  in  50  parts  of  water  to 
1  part  in  200  parts  of  water. 

POLLUTION  OF  BLACK  RIVRR. 

Whipple''  has  referred  to  the  effect  of  sulphite  pollution  on  the 
water  supply  of  Watertown.    lie  states  that  the  sulphite  liquors  con-  ! 
tribute  to  the  odor  and  color  of  the  water,  and  necessitate  the  use  of  , 
greater  amounts  of  alum  than  would  otherwise  be  necessary.  * 

MANUFACTURE  OF  SULPHITE  PULP. 

In  order  that  the  character  and  amount  of  the  waste  liquors  result- 
ing from  the  manufacture  of  wood  pulp  by  the  sulphite  process  may 
he  comprehended  it  will  be  necessary  to  describe,  in  some  detail,  the 
various  operations  that  are  conducted  in  a  sulphite  mill  to  convert 
spruce  logs  into  paper  pulp.  The  processes  in  use  at  the  Mechanics- 
ville  mill  of  the  West  Virginia  Pulp  and  Paper  Company  will  '* 
described,  as  they  are  typical  of  a  modern  sulphite  mill  of  average 
capacity.  Though  there  are  naturally  many  variations  in  minor 
details,  the  essential  steps  are  similar  at  all  mills,  so  that  a  detailed 
description  of  the  processes  of  one  mill,  with  an  occasional  statement 
of  important  alternative  methods,  will  serve  the  purpose  of  this 
discussion. 

"  Marsh,  M.  (.'..  In  Parker,  H.  N.,  ami  others,  The  Potomac  Hiver  basin:  Water-Supply  Paper  tT.  8- 
(leol.  Survey  Xo.  IU2,  1907. 
ft  Whipple,  G.  C,  Proc.  Watertown  Soc.  Eng.,  Watertown,  X.  V.,  1906. 
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THE  WOOD. 

and  hemlock  are  the  woods  used  almost  exclusively  for  the 
of  pulp  by  the  sulphite*  process.  The  logs  art*  either 
by  hand  in  the  woods  before  seasoning  or  by  machinery  at 
mill.  Mainline  barking  necessitates  cutting  the  log  into  2-foot 
i;  in  hand  work  4-foot  lengths  are  used  without  further  cutting, 
barking  also  causes  some  waste  of  material  through  rutting 
deeply  into  the  log.  Some  measurements  of  logs  harked  by  ma- 
show  that  the  original  circular  section  of  the  log  had  been 
changed  to  that  of  a  circle  minus  6  small  segments,  the  area  of  the 
being  found  to  be  18  per  cent  of  that  of  the  original  circle. 
>  are  carefully  inspected  at  the  mill,  and  those  in  which  there  is 
■  of  decayed  portions  or  unremoved  bark  are  rejected,  Stibac- 
a  man  removes  the  bark  and  decayed  places  from  these  imper- 
ious with  an  ax*  The  logs  are  thrown  into  a  large  tank  of  hot 
to  loosen  the  ice,  dirt,  and  sand  which  have  adhcrad  to  them, 
then  pass  through  scrubbers,  in  which  a  powerful  spray  of  water 
ill  the  sand  and  cinders.  They  are  then  ready  for  the  chipper, 
machine  consists  essentially  of  three  knife  blades  in  a  rapidly 
lerulving  vertical  steel  disk.  One  end  of  the  log  is  pressed  against 
bUilrs  at  an  angle,  and  in  a  few  seconds  the  log  is  reduced  to 
The  resulting  fragments  are  then  run  over  screens  to  separate 
into  three  portions.  Everything  that  passes  through  a  {-inch 
is  discarded,  This  chip  dust  is  at  present  practically  a  waste 
luet.  though  it  Li  used  to  some  extent  for  packing  ice  ami  for  bed- 
I  homes.  A  half-day  test  at  the  Mechamesv  ille  mill  showed  thai 
1,375  pounds  of  chip  dust,  or  about  2.7  per  cent  of  waste,  resulted 
chipping  17  cords  of  wood.  The  chips  whic  h  do  not  pass 
a  I -inch  rne*h  are  next  separated  and  passed  through  a  ma- 
known  as  a  shredder.  This  machine,  working  on  a  novel  prin- 
the  large  chips  into  shreds  and  separates  the  good  wood 
ihr  knots  to  a  large  extent.  The  shredded  mixture  is  then 
I M  over  a  long  water  lankt  in  which  the  knots,  by  virtue  of  their 
specific  gravity,  sink  to  the  bottom.  The  separation  here  is 
almost  complete,  and  the  removal  of  the  knots  at  this  time  is  of  great 
brocfit,  as  they  interfere  seriously  with  subsequent  operations.  The 
Buddie  (portion  of  the  chipped  mixture,  which  is  retained  on  a  1-inch 
and  parses  through  a  1-inch  screen,  goes  directly  by  Mt  con- 
i  to  the  storage  bins  over  the  digesters,  as  does  also  the  floated 
of  the  shredded  chips  after  a  second  screening.  The  chips 
lit  now  ready  for  the  digester. 

THE  ACID  LIQUOR 

i  of  chemical  reagents  used  in  the  digester  to  dissolve 
of  the  wood  all  intercellular  and  other  rionccllulo^e  matter  con* 
i  essentially  of  calcium  and  magnesium  bisulphites  with  an  exec** 
turoua  acid* 
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through  a  suspension  of  milk  of  lime  made  from  dolomitic  lime,  or 
through  towers  of  limestone  over  which  water  is  trickling.  The 
former  process  is  in  most  general  use  in  this  country.    A  suspension 
of  slaked  lime  (milk  of  lime)  is  made,  having  a  strength  of  about 
1 .2°  B. — that  is,  about  1 .3  percent  Ca(OH)r    Gaseous  sulphur  dioxide 
is  prepared  either  by  roasting  pyrite  or  by  burning  sulphur  directly  in 
specially  designed  burners.    The  gases  are  passed  through  lead  pipes 
submerged  in  large  tanks,  through  which  cold  water  is  running,  as  it 
is  essential  to  keep  the  absorption  apparatus  as  cool  as  possible.  The 
cooled  gas  next  goes  into  a  tank  of  milk  of  lime,  which  is  nearly  satu- 
rated by  allowing  the  gas  to*  enter  at  the  bottom  and  to  bubble  up 
through  the  liquid.    The  unabsorbed  gas  is  conducted  from  the  top 
of  this  tank  to  the  bottom  of  a  second  tank  filled  with  fresh  milk  of 
lime,  where  the  absorption  is  completed.    The  residual  gases  then 
pass  to  the  pumps,  which  maintain  a  partial  vacuum  in  the  tanks  and 
insure  a  constant  flow  of  gas.    During  absorption  the  contents  of  the 
tank  are  constantly  stirred.    When  the  acid  liquor  in  the  first  tank  is 
of  the  requisite  strength,  as  shown  by  analysis,  it  is  pumped  into  the  j 
acid  storage  tanks,  the  second  tank  is  emptied  into  the  first,  and  fresh 
lime  is  added  to  the  second.    The  process  of  absorption  is  then  re-  ; 
peated.    The  composition  of  the  acid  liquor  varies  in  different  mills  1 
and  even  in  the  same  mill  from  time  to  time  as  the  quality  of  wood 
varies.    A  specimen  analysis  of  the  liquor,  expressed  in  the  mill 
terms,  showed  free  sulphur  dioxide,  2.5  per  cent;  combined  sulphur 
dioxide,  1.1  percent;  a  total  of  3.0  percent.    14  Free  sulphur  dioxide" 
is  the  total  acidity  of  the  solution  expressed  as  SOr    It  is  therefore  ; 
the  free  dissolved  gas  plus  one-half  the  sulphur  dioxide  present  as 
bisulphite.    The  "'combined  sulphur  dioxide"  represents  the  rest  of 
the  bisulphite  radicle.    The  actual  composition  of  the  liquor  is  there- 
fore as  follows,  the  total  base  being  regarded  as  calcium: 

-•1  nalysis  of  sulphite  liquor. 

Percent. 

Calcium  (Ca)  0.7 

Sulphur  (S)   1.8 

or,  in  combination— 

Calcium  bisulphite  (0aII2(SO3)_,)  3.5 

Dissolved  sulphur  dioxide  gas  (SO,.)   1. 4 

For  one  charge  of  a  digester  of  average  dimensions,  12.8  by  34  feet, 
producing  about  7  tons  of  dry  pulp  at  each  "cook/'  16,000  gallons  of 
acid  liquor  are  used. 

THE  DIGESTER. 

The  digester  consists  of  an  upright  steel  cylindrical  shell  with  a 
conical  bottom  and  a  nearly  hemispherical  top,  lined  with  lead, 
wit  hin  which  is  another  lining  of  resist  ant  glazed  brick,  pointed  with  a 
special  mortar.  Older  forms  of  digesters  have  concrete  linings.  The 
inside  dimensions  of  a  digester  of  average  size  are,  diameter  12.8  feet,  j 
total  height  3  1  feet ,  and  iU  ca\>a*:\V\;  V*  ataowi  1 ,700  cubic  feet.  j 
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THE  -COOK." 

About  12  cords  of  wood  chips  are  first  placed  in  the  digester,  and 
thro  about  16,000  gallon*  of  the  acid  liquor  are  run  in,  filling  the 
digester  w  ithin  A  foot  of  the  top.   The  shell  is  then  closed  tightly  and 
ftimi  i*  admitted.  The  contents  are  brought  rapidly  to  boiling  tem- 
perature anil  then  the  pressure  is  raised  gradually  to  about  05  pounds, 
two  hour*  being  consumed  in  this  heating.   During  the  next  two  hours 
the  pressure  is  increased  more  slowly  to  about  80  pounds.    At  this 
point  the  digester  U  full  of  liquor,  the  water  condensed  from  incoming 
Mitrn  having  completely  filled  the  space  which  was  left  at  the  time  of 
In  onler,  therefore,  to  add  more  *tcam  it  is  necessary  to 
m    This  process  consists  in  allowing  the  liquor  slowly  to 
from  the  top  of  the  digester  as  steam  enters  at  the  bottom. 
Tliis  relief  liquor  is  strongly  acid,  and  as  a  rule  is  returned  lo  the  acid- 
uor  tanks  to  ln»  used  again.    There  is  some  objection  to  such 
cry  of  the  relief,  because  it  is  rather  dark  colored  ami  is  apt 
ly  to  color  the  next u  cook/'    The  temperature  is  carefully  noted 
frequent  analysis  of    the  liquor  within  the  digester  are  made 
4oring  tlie  "rook,"  especially  during  the  last  two  hours.  Small 
maple*  for  analysis  are  drawn  from  a  tap  in  the  side  of  the  digester 
near  the  top.    They  are  examined  for  total  sulphur  dioxide  and  the 
o&lur  and  odnr  am  noted.    If  in  the  opinion  of  the  attendant  the 
nartion  u  proceeding  too  fast,  the  incoming  steam  and  the  relief 
m  hoth  shut  off  and  the  "cook"  is  "held."    It  is  intended  to  com- 
pete tin*  "cook"  in  about  six  hours.    Nearly  at  that  time  the  sulphur 
<bo\jde  cucitent  begins  suddenly  to  fall,  the  color  becomes  darker,  ami 
*  peculiar  clwraeteristic  <w|or  develops*    The  reactions  at  that  time 
w  proceeding  very  rapidly  ami  the  charge  must  be  blow  n  immediately 
*  dark-colon**!  stwk  will  result.    The  skill  of  the  operator  is  here 
w*4|  *hown  in  bringing  about  tliis  rather  sharp  end  point  at  almost 
"V  exact  time  desired,  six  hours.    A  large  blow-off  valve  is  then 
"pffird  at  the  bottom  of  the  digester  and  its  entire  contents  are  blown 
uadrr  full  pressure  into  the  blow  pit .  w  hich  is  a  large  covered  wooden 
Uak.  22  fret  in  diameter  and  20  feet  deep,  provided  with  a  huge  air 
4aft  for  the  escape  of  the  steam  and  gases.    Opposite  the  end  of  the 
pipe  trailing  from  the  digester  there  i*  a  bronze  baffle  plate,  against 
which  the  contents  of  the  digester  are  thrown  with  great  force.  Thi« 
pit  b  provided  with  a  false  bottom  and  the  liquor  is  rapidly  drained 
dT    It  is  essential  at  this  point  to  remove  all  the  acid  liquor  as 
rapidly  as  possible.    After  the  blowing  the  liquor  darkens  rapidly 
from  a  light-garnet  shade  to  nearly  black,  and  its  retention  in  the  pulp 
nraJta  in  a  dark-colored  product.    About  15,000  gallons  of  wash 
vmter  an  added  aa  noon  as  possible  and  drained  off.    k>  wzoxA 


drains  are  cK     1,  more  water  is  added,  and  the  stock  is  ready 
pumped  to  storage  tanks.  A  small  amount  of  the  arid  liquor  is  taken 
out  during  the  "cook"  as  relief,  but  the  principal  part  of  it  is  dis- 
charged at.  the  end  of  the  "cook/'  constituting  the  sulpluto 
waste  liquor, 

SCREENING  AND  WASHING  THE  STOCK. 

The  two  processes  of  screening  and  washing  EfetB  stock  are  carried  op 
imultaneously,  and  can  best  be  described  together*    The  stock  is 
pumped  from  the  blow  pit  into  storage  tanks,  from  which  it  is  pumped 
as  fast  as  needed  into  an  elevated  tank,  flowing  thence  to  the  sc. 
and  tike  washing  machinery.    It  first  passes  through  a  long  rcvolvii 
cylindrical  screen,  slightly  inclined  from  the  horizontal  and  provided 
on  the  inside  with  a  continuous  worm-shaped  vane,    Tins  screen  is 
vet)  finely  meshed,  and  its  function  is  to  remove  a  large  part  nf  the 
water  from  the  stock.    Next  the  stock  passes  into  a  similar  ( vlindrr 
with  rectangular  meshes  about  one- fourth  of  an  inch  wide  and  1  inch 
The  wood  fiber  is  washed  through  these  meshes  by  the  aid  of  a 
of  water  playing  from  above.    All  knots  and  undigested  chips 
retained  in  this  screen,  collected  at  its  open  end,  and  measured 
amount  and  character  of  the  undigested  portions  being  regarded 
as  a  valuable  criterion  of  the  cure  with  which  the  preceding  process 
have  been  conducted.    On  the  average,  there  will  be  about  4  cubic 
feet  of  this  material  per  "cook,"  or  a  little  over  half  a  foot  per  ton  of 
dry  pulp.    The  stock  passes  from  these  screens  to  the  settling  tanks 
or  "riftlers,'  long  troughs  about  f>  feet  wide  and  2  feet  deep,  provided 
with  baffles  on  the  bottom  for  the  retention  :>f  sediment.    The  object 
of  1  lit*  tanks  is  to  remove  by  sedimentation  any  sand  or  grit  wliich  mar 
have  gained  access  to  the  stock  from  the  machinery  or  otherwise. 
Tin*  stork  is  now  ready  for  the  final  screening,  by  which  it  is  separated 

jut  arketahle  slock  und  tailings.    The  tailings  from  the  firsi 

screening  process  are  generally  run  through  a  second  screen  aud  * 
hMle  good  fiber  is  saved  in  that  way.  The  final  tailings  are  passed 
Oftf  a  wet  machine  and  felted  into  low-grade  pulp,  which  is  w\<A 
for  use  in  the  manufacture  of  leather  board.  The  screened  pulp  itl*> 
is  passed  over  a  wet  machine,  winch  is  essentially  a  revolving  screen 
that  separates  the  bulk  of  the  water  from  the  pulp,  leaving  the  (ftUtf 
in  a  lather  thick  sheet.  If  the  pulp  is  to  be  sold  or  used  as  unbleached 
pulp,  il  is  taken  from  the  wet  machine  at  this  point,  passed  bei 
large  wooden  rollers,  and  finally  removed  in  the  form  of  thick  she* 
of  wet  pulp.  If  it  is  to  be  bleached,  it  is  removed  mechanically  fr 
the  rolls  of  the  wet  machine,  mixed  with  a  large  volume 
conauciea  to  the  Dieacn  tanks. 
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BLEACHING  THE  STOCK. 


Th*  unbleached  pulp  us  it  comes  from  I  In*  wet  machine  has  a  very 
slight  brownish  color,  although  it  appears  pure  white  to  the  incxjK*- 
rieiieed  eye.  If  such  pulp  is  made  into  paper,  however,  It  is  likely  to 
darken  rapidly  with  age  and  drying,  fro  that  pulp  for  high-grade 
papers  must  he  hleacheo1  with  chloride  of  lime.  Commercial  chloride 
of  liroet  or  bleaching  powder,  consists  mainly  of  calcium  hypochlorite, 
arid  it  is  made  by  parsing  free  chlorine  gas  over  quicklime.  The 
trade  name,  chloride  of  lime,  is  therefore  a  misnomer.  A  typical 
naly*is,  by  Wagner, n  of  bleaching  powder  of  good  ipiality  is  given 


Inasmuch  as  the  chlorine  alone  of  the  hypochlorite  is  available  for 
?  ;rhing  purjaises,  a  sample  of  bleaching  powder  having  the  above 
Analysis  would  contain  All  per  cent  of  "available"  chlorine  and  would 
In*  called  a  VA  |H*r  cent  bleach.  The  product  mi  fin-  market  -seldom 
contains  so  much  chlorine  as  that,  good  grades  in  this  country  running 
from  :*o  fo  in  per  cent  available  «  Murine. 

The  bleaching  powder,  or  "bleach."  as  it  is  called  in  the  mill,  is 
received  in  large  iron  -  ;t^k ^ ,  < mi <  h  [adding  about  GOO  pound*.  They 
are  emptied  into  a  mixing  tank  with  approximately  3  gal  lorn  of  water 
to  a  pound  of  bleach.    Generally,  an  ordinary  tank  provided  with  a 
rotary  agitator  is  used  for  this  mixing,  but  at  the  Mechanics  die  mill 
U  improved  mixer  i*  in  service,  which  Appear*  to  he  very  efficient. 
The  tank  is  conical  in  shape,  about  15  feet  high  and  10  feet  in  diameter 
t  tin*  top,  tapering  to  a  point  at  the  bottom     A  centrifugal  pump 
ith  a  3-inch  disrhanjf  r>  ncai  the  tank  at  ita  bottom  leveh  This 
_:mp  withdraw-  tin'  liquid  mixture  from  the  bottom  of  the  tank  and 
uncharges  it  horizontally  into  the  upper  part  in  a  direction  tangential 
i  the  periphery     Circulating  the  liquor  through  the  tank  in  thU 
anner  produces  an  immense  vortex,  so  that,  although  the  liquor 
hirU  about  I  he  sides  of  the  tank  to  the  lav  el  of  the  inlet,  otie  can 
Idk  down  into  thia  vortex  nlmosf  fo  the  bottom  id  the  tank.  This* 
roress  accompli*  he**  n  thorough  mixing  of  bleach  and  water  in  a  coin- 
ively  short  tine      The  mixture  then  Hows  into  a  large  brick 
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settling  tank  and  is  allowed  to  settle  until  a  clear  liquor  can  be 
decanted.  This  liquor  is  tested  for  strength  with  a  Baum6  hydrom- 
eter and  is  mixed  with  the  proper  amount  of  a  weak  bleach  extract 
to  give  it  the  required  strength  of  about  3°  B.  This  weaker  solution 
is  made  by  a  second  extraction  of  the  sludge  or  * 1  grout* '  remaining 
after  the  first  decantation.  The  grout  is  usually  strengthened  by  the 
addition  of  a  small  amount  of  fresh  bleach,  agitated  with  a  fresh 
supply  of  water,  and  again  submitted  to  sedimentation.  The  liquor 
obtained  constitutes  the  weak  bleach  mentioned  above,  while  the  sludge 
remaining,  the*  'second  grout,"  is  agitated  a  third  time  with  fresh  water 
and  again  settled.  The  third  lot  of  supernatant  liquor  constitutes  the 
water  used  in  the  first  extraction  of  a  new  lot  of  bleach;  the  "third 
grout"  is  a  waste  product.  Reference  to  the  analysis  already  given 
will  show  that  it  consists  essentially  of  calcium  hydrate,  with  more  or 
less  carbonate  of  calcium  and  other  impurities  derived  from  the 
original  lime  from  which  the  bleaching  powder  was  prepared. 

The  bleach  solution  of  about  3°  B.  is  mixed  with  pulp  in  the  pro-  , 
portion  of  about  30  gallons  of  solution  to  100  pounds  of  pulp.fl  The 
mixture  is  passed  successively  through  a  series  of  tanks,  eight  in  I 
number,  in  which  it  is  brought  to  and  maintained  at  a  temperature  of 
about  100°  F.  and  is  mechanically  stirred.  Tests  of  this  mixture  are 
constantly  being  made  as  it  passes  from  each  tank  to  the  next,  and 
additional  bleach  solution  is  added  as  required,  the  processes  being  so 
regulated  that,  after  the  complete  treatment,  requiring  about  six  hours' 
time,  the  pulp  will  be  satisfactorily  bleached  and  the  bleach  will  be 
exhausted  as  completely  as  possible.  It  is  next  necessary  to  washout 
of  the  pulp  mixture  the  residual  bleach  and  the  calcium  chloride 
resulting  from  the  process.  This  is  accomplished  by  first  passing  the 
stock  under  a  series  of  washers.  A  washer  is  essentially  a  frame,  to 
the  form  of  an  eight-sided  prism,  covered  with  fine-meshed  copper 
gauze,  and  mounted  on  a  horizontal  axis,  so  that  it  is  about  half  sub- 
merged in  the  pulp.  It  rotates  slowly  in  the  direction  of  the  moving 
stream  of  stock,  and  as  the  water  passes  through  the  gauze  it  is  col- 
lected in  buckets  suitably  arranged  within,  elevated  to  a  position 
above  the  center  line  of  the  box,  and  discharged  through  a  side  outlet. 
By  this  means  a  considerable  volume  of  water  is  separated  from  the 
stock.  Fresh  water  is  admitted  after  each  treatment  and  the  washing 
is  repeated  several  times,  after  which  the  washed  stock  is  passed  over 
a  wet  machine  as  previously  described.  It  is  then  either  pressed  into 
sheets  of  wet  pulp  or,  if  it  is  to  be  used  at  once  in  the  mill,  is  removed  ' 
from  the  rolls  bv  a  stream  of  fresh  water  and  run  directlv  to  the  paper 
mill. 

a  Ml  references  to  pulp  in  these  processes  are  to  the  actual  weight  of  air-dry  pulp  In  the  mixture)  thontf1 
the  pulp  is  always  mixed  with  a  considerable  amount  of  water  throughout  the  process  of  mannfKtOR. 
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SUMMARY. 

The  various  processes  described  in  the  foregoing  pages  have  been 
Arranged  for  convenient  reference  in  diagrammatic  form  in  Plate  I. 
Tin*  raw  materials  that  enter  into  the  process  are  shown  along  the 
top  tine  of  the  diagram  in  capitals.  They  are  wood,  lime,  sulphur 
(or  pyrite),  bleaching  powder,  and  water.  Arranged  vertically  at  the 
left  is  a  lint  of  the  waste  urn  I  In -products  of  the  proci  \**s,  namely, 
bark,  sawdust,  knots,  sulphite  waste  liquor,  sand  and  grit,  and  sludge 
or  grout  from  the  bleach-solution  funks.  Much  of  the  water  used  in 
the  later  processes  is  returned  and  used  for  washing  the  freshly 
ooked  pulp,  to  that  practically  the  only  liquid  waste  is  the  waste 
rid  liquor  and  the  first  wash  waters,  these  together  making  up  the 
te  waste  liquor.  At  lhe  bottom  of  the  diagram  the  finished 
products  of  the  process  are  shown,  namely,  low-grade  unbleached 
iulp  am!  bleached  sulphite  pulp.  Disposal  of  1  he  grout  involves 
to  serious  difficulties.  It  is  usually  discharged  into  low-lying  fields 
*r  into  artificially  constructed  basins,  where  it  is  converted  into  com- 
pact, masses  of  carbonate  of  lime.  The  small  amount  of  chip  dust  is 
lily  used  in  ice  house*  or  as  a  betiding  material  for  horses.  The 
if  removed  at  the  mill  is  either  burnrd  or  given  away  for  fuel, 
though  it  U  generally  more  economical  to  have  I  he  barking  done 
I v fore  shipment.  In  the  study  of  stream  pollution,  therefore,  con- 
sideration need  be  given  only  to  the  combined  waters  resulting  from 
he  digestion  of  the  chips  and  the  subsequent  washings  of  the  pulp — 
it  is,  the  liquor  hen*  t  ailed  I  lie  sulphite  pulp  Wiuste  liquor. 


SULPHITE  IH'M*  WASTK  IJt|UOR. 
PREVIOUS  INVESTIGATIONS. 

This  waste,  arising  as  it  does  from  an  industry  involving  elaborate 
chemical  met  hod-  and  necessarily  emplo\  in^  skilleil  paper-mill 
rhemisU,  has  probably  received  more  careful  and  systematic  study 
lutn  any  other  waste  product  of  the  present  day.  A  prize  of  10,000 
nrks  was  offered  ju  (iermaru  in  1  VH  for  the  best  method  of  pre* 
renting  the  pollution  of  streams  by  sulphite  liquor,  but  it  still  remains 
unawarded.  Scores  of  pitxsmefl  for  ni  ili^.iriL!  or  purifying  the  uaste 
have  I  wen  patented  in  Germany,  England,  and  the  United  State*, 
but  none  of  them  has  been  sufficient  h  successful  to  relieve,  in  any 
noticeable  degree,  the  burdensome  situation.  Technical  literature 
contain*  reports  of  exhaustive  researches  mi  the  const  it  lltion  of  the 
organic  substances  found  in  this  liquor,  but  there  is  no  satisfactory 
agrxowot  an  this  point.  No  more  striking  commentary  on  the  dif- 
ficulty of  the  problem  can  bo  made  than  the  bare  atatement  ttax,  vew 
-pit**  of  all  these  tv>tuinhv>,  the  MihsUncc  Is  *U\V  vAa^i^vV  vvs  w 


16  POLLUTION  OP  STREAMS  BY  SULPHITE  PULP  WASTE. 


product.    According  to  Cross  and  Bevan,"  who  summarize  a  paper 
by  II.  Seidel,6  no  satisfactory  application  of  this  by-product  has  yet 
been  evolved.    Evaporation  and  combustion  involve  losses  of  sul- 
phur."  A  more  complete  regeneration  of  the  sulphur  has  been  the 
subject  of  a  series  of  patents*   The  process  of  V.  B.  Drewson*  con- 
sists in  heating  with  lime  under  pressure,  yielding  calcium  mono- 
sulphite.    The  sulphite  is  redissolved  as  bisulphite  by  treatment  with 
sulphurous  acid.    This  process  is  relatively  costly,  and  yields  neces- 
sarily an  impure  lye.    It  has  been  proposed  to  employ  the  product 
as  a  foodstuff  both  in  its  original  form  and  in  the  form  of  benzoate;' 
but  its  unsuitability  is  obvious  from  its  composition.    A  method  of 
destructive  distillation  has  been  patented.    Seidel,*  however,  found 
on  investigating  the  process  that  the  yield  of  useful  products  is  much 
too  low  for  its  economical  development.    Fusion  with  alkaline 
hydrates  for  the  production  of  oxalic  acid*  is  also  excluded  by  the 
low  yield  of  the  product.    The  application  of  the  liquor  to  tanning 
purposes1  appears  promising  from  the  fact  that  28  per  cent  of  the 
dry  residue  is  removed  by  digestion  with  hide  powder,  but  this  appli- 
cation has  been  investigated  without  practical  success.  Various 
probable  uses  are  suggested  by  the  viscosity  of  the  evaporated  extract, 
but  as  a  substitute  for  glue  it  has  proved  of  little  value.    It  is  also  j 
used  to  some  extent  as  a  binding  material  in  the  manufacture  of  ' 
briquets  and  as  a  substitute  for  gelatine  in  the  petroleum  industry. 
Cross  and  Bevan-'  and  Mitscherlich*  precipitate  a  compound  of  the 
lignone  complex  and  gelatine  by  adding  a  solution  of  the  latter  sub- 
stance to  the  sulphite  waste  liquors.    The  compound  is  redissolved 
in  weak  alkaline  solutions  and  employed  in  this  form  for  engine-sizing 
papers.    Kkinan  has  patented  a  process'  for  "salting  out  M  the  lignone 
sulphonates,  the  product  being  resoluble  in  water  and  the  solution 
having  some  of  the  properties  of  a  solution  of  dextrin.    Owing  to  its 
active  chemical  properties  this  product,    'dextron/'  has  a  limited  j 
capability  of  being  substituted  for  dextrin.    The  suggestion  to  j 
employ  the  evaporated  extract  as  a  reducing  agent  in  indigo  dyeing  j 
and  printing  has  also  proved  unfruitful.    Seidel's  application  of  the  i 
soda  salt  of  the  lignone  sulphonic  acid  as  a  reducing  agent  in  chrome* 
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mordanting  wool  and  woolen  goods"  is  more  successful  in  practice, 
and  iu  industrial  development  shows  satisfactory  progress.  The 
product  is  known  as  '*  lignorosin."  In  another  place,  however, 
Cross  and  Bovan*  comment  on  this  process  by  culling  attention  to  the 
fact  that  such  use  for  ti  by-product,  produced  in  such  enormous 
quantities,  id  of  relatively  small  importance. 

It  t*  remarkable  that  the  main  by-product  of  the  bisulphite  process 
is  still  for  the  inost  part  an  absolute  waste,  notwithstanding  the  many 
investigations  of  technologists  and  attempts  to  convert  it  to  indus- 
rr  J  i-\  As  M  represents  a  percentage  of  the  wood  pulped  equal  to 
thiil  of  the  cellulose  obtained,  it  is  a  waste  of  potentially  valuable 
material  that  must  be  termed  colossal.  Moreover,  us  a  waste  to  be 
dUeluirged  into  watercourses,  it  becomes  a  source  of  burden  and 
expense  to  the  manufacturer,  ami  with  the  increasing  restrictions  on 
the  pollution  of  rivers  it  constitutes  in  many  localities  a  problem  to 
be  solved  only  by  the  cessation  of  the  industry.  The  alternative  in 
such  cases  is  dealing  with  it  destructively— that  is,  by  evaporating 
burning  it.  In  this  treatment  the  high  calorific  value  of  the 
nc  matter  apjiears  on  the  credit  side;  but,  as  caleiuni  ami  mag- 
nesium bisulphites  are  used,  the  residue  from  calcination  is  practically 
without  value.  If,  however,  a  soda  base  i-  substituted,  the  alkali  is 
recoverable  iu  such  form  as  to  be  directly  available  for  the  alkaline- 
sulphide  or  Dahl  process.  As  a  more  complicated  alternative  the 
soda  can  l>e  recovered  by  the  old  hlai-k-a-fi  <u  Leblanc  |in«-tss,  arid 
the  sulphur  by  the  now  well-established  Chance  process,  in  which 
lime  must  be  added  to  the  eon< >eut  rated  liquors  before  calcination* 
The  engineering  features  of  the  system  iu  respect  t<»  e\  a [>•  ►rating  and 
calcining  are  the  same.  Economic  working  requires  (a)  evaporation 
by  multiple  effect  and  (h)  calcining  on  the  continuous  rotary  princi- 
ple, Kor  the  latter  process  tin*  draft  of  uir  is  ct»ncurrentr  b\  a  special 
device,  with  the  movement  of  the  charge  in  the  furnace,  a  feature  by 
which  a  progressive^  increasing  temperature  within  the  furnace  is 
procured.  This  interesting  development  has  been  elaborated  by 
Drewson  and  Dorenfeldt,  to  whose  publications  reader*  who  wish  to 
inform  themselves  iu  detail  in  regard  to  these  developments  are 
referred.  The  present  necessity  of  a  destrunjw  treatment  of  the 
sulphite  Waste  liquor  U  ini:  assumed,  their  scheme  ha*  man\  advan- 
tages; sodium  bisulphite  liquors  are  more  economically  prepared  and 
the  pulp  obtained  is  superior  in  paper-making  quality  and  in  economy 
of  bleaching  to  that  resulting  from  the  calcium  or  magnesium  bisul- 
phite processes.  The  soda  may  be  recovered  in  a  form  in  uhi»-h  n 
is  immediately  available  as  a  powerful  hydrolv/jng  alkali  in  the 
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manufacture  of  toda  pulp,  so  that  these  two  systems  become  comple- 
mentary to  one*  another.  The  employment  of  soda  as  the  base  also 
affords  a  new  motive  for  developing  the  electrolytic  processes  of 
decomposing  salt. 

Cross  and  Bcvan's  comments  present  an  excellent  summary  of  con- 
ditions at  the  close  of  1900.  Significant  of  more  recent  developing  is 
in  the  method*  of  utilizing  or  disposing  of  this  waste  is  the  fact  ihat 
in  their  second  volume  of  "Researches,"0  a  treatise  purporting  to 
review  all  work  of  importance  on  cellulose  industries  during  the  years 
1900-1905,  these  authors  make  no  mention  whatever  of  the  sulphite 
waste  problem. 

AMOUNT  OF  WASTE  PER  TON  OF  PULP. 

It  is  now  practicable  to  inquire  more  carefully  into  the  amount  of 
the  waste  and  its  general  characteristics.  The  important  fact*  lo 
be  considered  in  any  discussion  of  stream  pollution  are  the  amount 
and  the  character  of  the  polluting  material  independent  of  the 
amount  of  water  in  which  it  may  be  carried.  Chemical  analyses  <>i 
the  waste  liquor  in  connection  with  accurate  determinations  of  its 
volume  would  furnish  the  requisite  information,  and  such  procedure 
is  usually  adopted.  In  the  present  case,  however,  it  happens  that 
the  amount  of  polluting  material  hears  a  definite  relation  to  the  tout 
product  of  the  null  in  pulp,  independent  of  slight  modifications  of  the 
process,  whereas  i  he  amount  of  diluting  water  varies  greatly  in  differ- 
ent mills  and  even  from  time  to  time  in  the  same  mill.  For  example, 
some  mills  use  the  old-fashioned  rotary  digesters,  in  which  it  is  not 
necessary  to  usr  more  than  half  the  amount  of  water  in  the  acid  liquor 
that  is  used  in  upright  digesters.  The  washing  process  is  often  con- 
ducted at  places  where  water  is  plentiful,  with  a  total  disregard  ^ 
economy  in  water,  while  in  other  mills  strict  economy  of  water  is 
necessary;  therefore  the  concentration  of  the  waste  liquors  may  be 
three  or  four  times  as  great  in  erne  case  as  in  another.  In  view  of 
these  facts  and  of  the  statement  made  above,  that  a  definite  amount 
of  polluting  material  is  produced  for  each  ton  of  pulp  turned  out,  it 
appears  that  the  beat  procedure  is  to  determine  the  definite  relation- 
ship between  the  amounts  of  pulp  and  solid  waste.  Results  obtained 
at  one  mill  are  applicable  to  any  mill  using  a  similar  process,  though 
the  actual  volumes  of  the  wastes  may  be  greatly  ditferent.  Aiwr 
having  determined  this  fundamental  relation,  it  is  of  interest  to  com- 
pare the  figures  obtained  with  actual  analyses  of  the  waste  liquor. 
Such  comparison  will  give  an  approximate  measure  of  the  volume  of 
diluting  water. 
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SULPHITE  PULP  WASTE  LIQUOR. 


A  cord  of  spruce  wood  ordinarily  handled  at  the  mill  will  weigh 
Jt  3,600  pounds,  of  which  about  55  per  cent,  or  2,000  pounds,  is 
actual  wood  substance,  the  remaining  45  per  cent  being  water.  The 
amounts  of  chip  dust,  knots,  etc.,  which  are  really  insignificant  as 
compared  with  the  total  weights,  may  be  neglected  in  this  calcula- 
tion. About  1,100  pounds  of  so-called  air-dry"  pulp  having  10  per 
cent  water,  or,  roughly,  1,000  pounds  of  actually  dry  pulp,  is  made 
from  1  cord  of  wood  Therefore  the  production  of  1  inn  of  pulp 
is  accompanied  by  the  production  of  an  equal  amount  of  waste 
orgnnic  materia]  thai  is  discharged  in  the  waste  liquor.  According 
to  the  analysis  on  page  10,  the  sulphite  liquor  contains  0.7  per  cent 
of  calcium  and  1.8  per  cent  of  sulphur,  equivalent,  respectively,  to 
0.05K  pound  ami  0.150  pound  per  United  Slates  gallon.  On  the  basis 
of  lfi,000  gallons  tif  acid  liquor  to  a  digester  charge,  which  produces 
7  tons  of  air-dry  pulp,  each  Ion  of  pulp  is  represented  by  132  pounds 
of  calcium  and  343  pounds  of  sulphur  About  0.J  per  cent  of  sulphur 
dioxide,  or  0  pounds  of  sulphur  per  ton  of  pulp,  is  left  unoxidized  at 
the  end  of  the  "cook/*  Of  the  remaining  336  pounds  of  sulphur  10 
per  rent  may  be  allowed  for  loss  of  free  sulphur  dioxide  in  the  relief, 
leaving  approximately  300  pounds  of  sulphur  which  has  been  oxi- 
dized in  the  process.  The  first  product  of  this  oxidation  is  probably 
*ulphuric  acid,  according  to  the  following  equation,  the  oxygen  being 
derived  from  the  wood  during  the  digestion: 


This  presents  the  simplest  idea  of  the  digestive  action.  Sulphur- 
ous arid  is  oxidized  to  sulphuric  acid  with  a  corresponding  reduction 
of  the  wood  substance.  The  fate  of  the  sulphuric  acid  thus  formed 
has  not  been  satisfactorily  determined.  It  is  known  that  in  the  final 
product  there  is  little  free  sulphuric  acid.  Tin*  first  effect  of  iis  for- 
mation would  Is*  the  precipitation  of  calcium  sulphate,  probably  on 
the  wood  fibers.  As  magnesium  sulphate  \*  soluble,  this  probably 
the  reason  why  dolomitic  lime  gives  such  excellent  results.  Ift 
however,  all  the  calc  ium  or  magnesium  originally  used  were  converted 
to  sulphate,  there  would  be  needed  for  that  reaction  only  100  pounds 
of  sulphur,  leaving  still  200  pounds  of  sulphur  unaccounted  for.  It 
will  he  shown  when  the  chemical  nature  (»f  the  waste  i-  considered 
that,  according  to  prevailing  views,  the  sulphuric  mid  from  this 
amount  of  sulphur  again  reacts  with  a  portion  of  the  wood  substance 
to  form  a  so-called  sulphnnie  acid  This  may  be  regarded  a*  sul- 
phuric arid  in  which  one  of  the  Oil  groups  has  been  replaced  by  an 
organic  radical  (H)  thus: 


SC^  +  O  +  Hp-UgSO,. 


Sulphuric  acid. 


ON  OF  STREAMS  BY 


d  reacti     is  not  complete  and  a  small  amount  of  sulphi 
is  generally  Ion  in  the  liquor.    For  the  present  it  will  not  be  j 
to  discuss  the  relative  amounts  of  these  two  acids.  Thfi 
rii\ I  resulting  froju  the  digestion  of  sufficient  wood  to  make 
pulp  may  he  summarized  as  follows: 

Material*  in  the  \$a&te  liquor  per  ton  of  pulp. 

Wood  material    2,000 

Calcium  sulphate  

Sulphur  dioxido  (omitted  from  total  *.  

Sulphur  in  sulphuric  acid  and  in  organic-  combination    lM 

Total  solid  mattor  *>.fi4S 

CHEMICAL  COMPOSITION  OF  THE  WASTE  LIQUOR, 

As  lias  been  stated,  the  actual  strength  of  the  waste  liquur  is 
entirely  a  matter  of  dilution  The  16,000  gfttttttlfl  of  acid  liquor  u*d 
hi  the  MoookM  producing  7  tons  of  air-dry  pulp  is  usually  diluted  with 
one  to  two  times  its  volume  of  water  in  the  blow  pit,  and  other  wash 
waters  Inter  mingle  with  this  liquor  in  the  drains.  Fur  the  purp* 
of  study,  however,  it  is  advisable  to  procure  samples  of  the  undiluted 
waste  liquors  directly  from  the  digest  ?,  be  cause  in  any  plan  for  tb& 
recovery  of  this  liquor  it  will  undouutedly  prove  advantageous  to 
separate  the  undiluted  liquor.  For  the  investigation  here  reymrinl 
samples  of  the  liquor  were  collected  from  the  bottom  of  the  digester 
just  before  blowing.  The  hot  liquor  was  drawn  into  a  barrel,  allowed 
to  cool,  and  then  bottled  in  carboys  for  future  use.  The  subjoined 
table  gives  analyses  of  this  liquor  and  the  figures  of  several  analyses 
of  similar  liquors  by  other  chemists. 

[Grams  j*r  liter.] 


Total  solids   « 

Lass  on  JjaiiUon  I  S3 

Ash  *   in 

Analysis  of  ash: 


Calcium  {CaK 


Magnesium  (Mg)  

Sulphur  (S)  

TotuJ  sulphur   

Yr*f  ^  i.  a  I  j  *  1 1  ■  i  r  'JiuKMc-i  SOt)  

Sulphite  rwliclt'  <sO,i.  

Sulphate  radicle  »  80«)  
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rt  Exclusive  of  the  organic  S. 

No.  1,  by  the  writer,  is  the  average  of  two  analyses  of  waste  liquor 
collected  direct ly  from  the  digester  at  the  Mechanicsville  mill,  ^ 
2  to  6,  inclusive,  are  quoted  by  HofttL\&iLTi,fl  Xos.  2t  3,  4,  and  I 
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Wiekelhaus,"  and  No,  t>  by  Munam  No.  7  if  given  by  Schubert,* 
anil  Xos.  8  and  9  are  taken  from  tin*  notebook  of  S.  C.  Lindberg, 
paper-mill  chemist,  who  ban  kindly  jwrmilted  their  use. 

These  analyses  give  an  excellent  idea  of  the  general  character  of 
i hi*  liquid.  The  proportions  of  the  various  constituents  are  in  agree- 
ment with  the  figures  which  have  been  calculated  from  the  amounts 
i>f  taw  materials  used.  Tin-  auulvses  also  determine  satisfactorily 
the  nature  of  the  inorganic*  matter  in  the  waste  and  show  the  rela- 
tively large  amount  of  organic  matter  present,  about  Nil  per  rent  of 
the  total  solids. 


CHEMICAL  NATURE  OF  THE  ORGANIC  MATERIAL. 

Thus  far  only  the  total  amount  of  waste  material  in  the  liquor 
dting  from  tin*  dige-ri-.n  of  i  ion  of  dry  pulp  and  its  division  into 
organic  anil  inorganic  constituents  have  been  considered.  The  chem- 
ical nature  and  the  essential  characteristics  of  the  organic  matter 
deserve  further  consideration.  Though  our  knowledge  of  the  client* 
Utry  of  wood  is  not  extensive,  the  following  facts  seem  to  be  defi- 
nitely settled  and  may  be  accepted  as  embodying  all  that  is  posi- 
tively known.  The  wood  substance  itself,  freed  from  the  relatively 
small  amount  of  intercellular  matter,  such  as  gums  and  sap  con- 
stituents, is  n  homogeneous  material  of  fairly  constant  composition. 
To  this  substance  chemists  have  given  the  name  ligno-eellulose  Ligno- 
erUulose  can  la*  broken  down  by  suitable  chemical  treuimrnl  into 
two  or  more  substances.  These  are  eelbdo.se,  whieh  is  the  material 
of  the  wood  pulp,  and  a  complex  substance  or  mixture  variously 
called  lignoae,  liguin,  or  lignoiic.  It  is  this  latter  body  or  mixture  of 
IkhIics  which  in  the  sulphite  process  is  supposed  to  be  sttlphonali'd. 
giving  rise  t<»  a  substance  known  as  lignon-sulphonic  acid.  The  con- 
stitution of  Ibis  substance  is  not  known,  nor  is  its  chemical  identity 
even  assured.  Beyond  these  meager  facts  all  is  hypothesis,  despite 
the  large  amount  of  experimental  work  which  hii-  been  done  on  the 
substance  under  discussion,  Probably  the  best  estimate  of  the 
character  of  lignone  is  given  by  Cross  and  Bevan,c  who  made  an 
exhaustive  study  of  the  subject. 

They  conclude  that  it  is  it  single  substance  made  up  of  (a)  2CwlIwO(it 
a  ketone  transitional  to  qoinone  which  chlorinates  directly  to  mar- 
riogailol;  (b)  <K\IItOft  furfural,  in  combination  by  condensation  with 
(rj>  ami  fr>;  and  in  .">l\ll4U,  acetic  residue.  The  >imple>t  empirical 
formula  h»r  their  lignone  is  (CtH«(V/i,  n  being  not  leas  than  some 
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multiple  of  Tollens*  gives  as  the  result  of  his  analysis  of  tk 
snlphoiiatetl  fonii  the  empirical  furmula— 

This  formula  must  be  slight]}'  modified  in  view  of  Cross  and  Sevan's 
satisfactory  determination  of  tin-  presence  of  5  acetic  residues  in  the 
C70  molecule,  instead  of  6 ,  as  given  by  Tollens's  formula.  It  has  been 
stated  that  the  chemical  identity  of  the  sulphonated  form  has  never 
been  satisfactorily  shown.  The  experimental  work  on  sulphite  liquor, 
conducted  |>y  the  author,  seems  to  prove  that,  the  substance  in  ques- 
tion is  probably  not  a  true  sulphonic  acid, 

PURIFICATION  OF  SULPHITE  WASTE  LIQUOR. 

Investigations  on  the  disposal  of  waste  liquors  may  be  carried  out 
either  with  the  object  of  recovering  and  utilizing  the  material  con- 
turned  therein  or  with  the  simpler  aim  of  purifying  the  liquid  so  tliwt 
it  may  safely  be  discharged  into  a  stream.  The  former  method  of 
investigation  has  appealed  most  strongly  to  manufacturers  and  chem- 
ists, and  a  great  many  attempts  have  been  made  to  discover  mm# 
useful  by-product  in  the  waste  sulphite  liquors.  Reference  to  diese 
investigations  will  be  made  later.  Offing  to  the  failure  in  genera! of 
all  such  attempts  and  to  the  stringent  laws  against  stream  pollution, 
particularly  in  Germany,  some  attempts  have  also  been  made  simply 
to  purify  the  liquor  by  precipitating  the  organic  matter,  the  experi- 
ments having  no  reference  to  the  recovery  of  valuable  by-products. 
One  of  the  earliest  of  these  investigations  was  made  by  H,  Frank* 
who  gives  the  following  composition  of  the  sulphite  waste  which  he 
used : 

(  mp&Ubm  ofwiphite  voxtc. 

0  rams  pGf  UW> 

Total  solids.  , .  _ . .  . . . .  —  -  -  -  *  —  82 

Los*  on  ignition  -    >.   59 

Ash  „  23 

Calcium  (Ca)    ..  5,3 

Magnesium  (Mg)  .  ,   .25 

Sulphate  radicle  (SQj   14.4 

In  the  process  developed  by  Frank  the  liquor  is  treated  first  villi 
lime  to  neutralize  the  free  acid  and  then  with  chimney  gases  to  far* 
bonate  the  excess  of  lime  and  oxidize  the  calcium  sulphite.  A  heavy 
precipitate  of  sulphate  and  carbonate  is  formed  and  it  is  claimed 
that  much  of  the  organic  matter  is  dragged  down,  so  that  the  sup^ 
natant  liquid  could  be  discharged  into  the  stream.  This  process 
mm  later  investigated  more  thoroughly  by  F,  B.  Ahrens,  E.  Kliflf 
stein,  and  P.  Schubert/  who  state  that  many  German  wood-pwp 

o  Quoted  by  Cross*  aivi  V.*  \  au  \\>- 
b  Wien.  Jahrcsberlcto,       ,  p.  \VH . 
c  Zeltschr.  angew.  CYiemlfc,        p.  v\. 


817LP1I1TB  PUU»  WASTE  LlQl'OU. 


"28 


compelled  to  close  because  it  was  found  impossible 
the  requirements  of  rivers-pollution  officials.  The 
m  of  the  waste  sulphite  Liquor  which  they  used  showed 
ive  *  strongly  acid  reaction,  had  a  specific  gravity  of  t.0465 
and  was  optically  inactive.  The  dry  residue  was  9*4  per 
flitch  1.11  per  cent  was  ash  anil  S.29  per  cent  organic  matter — 
rtiy  accurate  determinations.  The  liquors  from  the  digesters 
nearly  neutralized  by  passing  them  over  limestone,  The  hot 
as  then  mixed  with  a  known  quantity  of  fresh  lime  water  once 
I,  filtered,  and  the  filtrate  neutralized  with  carbonic-acid  gas* 
psults  obtained  are  shown  in  the  following  table: 

**f  t rpcrimmU  in  nmtnilifintt  ktU  tutphtU  itvttfe  liquor*. 


Atulyvl*  of  fupenuttjutt 


Prr  (rnt 

,  Ptt  ctnt. 

err  <m# 

1 

fc75 

t.NU 

1 

7  .«t 

1  34J 

4 

up 

1  1.71 

a  «6 

5 

» 

L|j 

CB 

xu 

? 

«  n 

LM 

• 

ABA 

LM 

JLU 

4*1 

1-  V 

5.04 

l  M 

p 

*M 

I.  M 

4  W 

4SJ 

l«i 

■  MB 

■ 

(lit 

t  40 

S 

ran 

I  «n 

•  a  io 

■ 

i» 

1  01 

i 

the  Hquont  were  treated  cold,  the  following  results  were 
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mi  aluminate  waa  also  tried  as  a  precipitant,  VksX  IVa  twqSXb 
utitfartory.    The  precipitate*!  and  nrulaAVieA  Yw^cwtt* 


A  current  of  5  amperes 
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potential  was  passed  through  the  liquid  between  platinum  electrodes, 
but  no  diminution  in  either  mineral  or  organic  matter  was  observed 
after  two  hours.  A  high-tension  current  (106  volts)  was  then  tried, 
but  the  results  were  equally  ineffective  after  a  test  of  the  same  dura- 
tion. It  is  evident,  these  authors  conclude,  that  the  objectionable 
organic  matter,  if  removable  at  all,  calls  for  some  process  hitherto 
undiscovered.  Ahrens  tried,  unsuccessfully,  to  treat  this  waste  bte- 
terially  after  neutralization  on  the  lines  of  his  patent.  It  was  found 
absolutely  sterile  to  begin  with,  and  the  amount  of  bacterial  filtra- 
tion required  for  its  decomposition  was  altogether  impracticable. 
E.  Bruch  °  found  that  if  the  waste  liquors  are  treated  when  acid,  or 
neutral,  with  leather  glue,  a  compound  of  tannic  acid  and  glue  is 
formed  which  coagulates  on  storing  and  becomes  highly  viscid.  If 
then  the  clear,  colorless  top  liquor  is  decomposed  with  aluminum 
sulphate,  another  gummy  precipitate  is  formed.  Both  precipitates 
are  soluble  in  alkalies  and  in  weak  ammonia,  and  may  be  removed, 
dried,  and  powdered.  If  the  clear  liquor  is  then  neutralized  with 
chalk  or  lime,  a  precipitation  and  clarification  ensue,  and  the  top 
liquor  is  free  from  smell  and  has  lost  about  25  to  30  per  cent  of  the 
total  organic  constituents,  and  these  the  most  easily  decomposable. 

UTILIZATION  OF  SULPHITE  WASTE  LIQUOR. 

By  far  the  most  important  work  on  this  waste  liquor  has  had  for 
its  object  the  utilization  of  the  organic  matter.  Its  complex  chem- 
ical nature  and  relatively  large  amount  and  the  fact  that  it  is  still 
a  chemical  mystery  make  the  field  particularly  inviting  for  research. 
In  some  interesting  laboratory  experiments  made  by  Buddens,* 
and  quoted  by  Griffin  and  Little,f  the  waste  liquor  was  neutralized 
by  ammonia,  the  lime  was  precipitated  by  ammonium  carbonate, 
and  the  carbonate  of  lime  thus  formed  was  separated  by  filtration. 
The  dark-brown  filtrate  was  evaporated  and  the  dried  residue  dis- 
tilled. The  dried  residue  contained  7.2  per  cent  of  ammonia  as 
salts.  Water  and  a  yellow  oil  were  obtained  in  the  condenser,  and 
finally  a  crystalline  sublimate  appeared  on  the  walls  of  the  tube. 
The  escaping  gases  were  caught  in  a  gasometer.  The  oil  had  at  first 
a  mereaptan-like  odor,  but  this  disappeared  on  heating  slightly. 
The  odor  was  without  doubt  due  to  organic  sulphur  compounds, 
which  were  present  in  traces.  The  mixture  of  oil  and  water  was, 
after  this  heating,  distilled  with  steam,  the  distillate  was  shaken  out 
with  ether  and  then  dried,  and  the  ether  was  evaporated  over  cal- 
cium chloride.  The  brown  oil  that  remained  boiled  at  130°  C,  and 
as  it  colored  a  pine  chip  moistened  with  hydrochloric  acid  a  strong 

a  Pie  A  bw'fi&seiTOinigmig  tier  CeUulosp-FahtUwm  \m*\  i\v»  V^v^tevuumc:  Chen),  /eitung,  1802.  p.  17& 
&Bu<ldrns,  U\.  Papfc-r  KcituiiK.  March,  \*»\. 
c Griffin  ami  Llltlv,  Chemistry  ol  papor  maktavu  ttevc 
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etfmi&tf,  il  wis  believed  to  Is*  pvrrol.  Pvroealechin  was  also  fnutul 
m  the  distillate,  as  was  proved  by  color  lost**  with  iron  salts  ami  by 
the  reduction  of  Fchling's  solution.  The  gases  from  the  first  distil- 
lation were  carbon  monoxide,  hydrogen,  marsh  gas,  ami  hydrogen 
«ulphide.  Four  hundml  grams  of  the  residue  yielded  ISO  grams  of 
coke,  30  liters  of  gas,  and  200  grams  of  distillate.  Murie  and  sac- 
charic acids  could  not  have  l>een  present  as  such  in  the  liquor,  because 
they  are  formed  by  the  oxidation  of  carbohydrates,  and  the  action 
of  tbe  liquor  is  a  reducing  one*  Yet  pyrrol  is  formed  by  distilling 
the  ammonium  salts  of  these  two  acids.  The  only  way  of  accounting 
for  pyrrol  is  by  considering  that  succinic  acid  is  formed  from  the 
twin*  in  tbe  wood — a  not  improbable  assumption.  Ammonium 
faccmat*  change*  readily  into  ammonium  succinamidc,  which  gives 
pyrnd  when  it  is  heated  with  reducing  agents.  The  presence  of 
pyrocatechin  is  due  to  the  presence  of  dioxybenasoic  acid  (I,  3,  4K 
which  is  in  the  liquor  as  dipyrotechnic  acid.  The  decomposition  of 
this  acid  by  distillation  with  ammonia  produces  tannic  acid  and 
pyn>catechin.  Doctor  Buddens  states  thai  tfierc  is  no  tannic  acid 
m  the  liquor,  which  will  give  a  blue-black  color  with  ferric  chloride, 
because  the  tannin  in  wood  is  reduced  hy  digesting  with  sul- 
phurous arid.  Tlie  reduction  is  probably  due  to  dipyrocatechutc 
acid,  but  by  treating  the  liquor  with  ammonia  and  distilling,  tannic 
acid  is  eventually  formed.  Sulphites  are  oxidized  to  sulphates  when 
the  tannin  is  reduced.  It  is  possible,  therefore,  that  the  difiicntlv 
of  pulping  wood  rich  in  tannin  by  the  sulphite  process  is  due  to  the 
action  of  the  tannin,  which  renders  the  sulphurous  acid  ineffective* 
lind*ey  and  Tollcn**  in  their  systematic  search  for  the  different 
fugan,  used  liquor  from  a  Mitscherlich  slow-process  cook,  with  a 
fpfcetfie  gravity  of  1 .055,  showing  total  solids  ft. 5  per  cent,  and  cal- 
cium 0.41  per  rent.  The  solution  was  pale  yellow  in  color  and 
•tnmgly  reduced  KehlingV  solution.  They  found  no  evidence  of  the 
presence  of  saccharose,  dextrose,  or  dextrose-yielding  sugars,  trace* 
only  of  Irruloa*  or  levidose-yielding  sugars,  and  but  a  small  amount 
of  galactose.  On  the  other  hand,  mannose,  determined  as  a  hydra- 
line,  was  found  to  represent  6  to  7  per  cent  of  the  original  total  solids. 
Furfural  was  found  in  some  quantity  on  heating  with  hydrochlorir 
anil,  am)  xylose  was  identified  in  the  solution.  Alcoholic  fermenta- 
tion of  the  liquor  gave  amounts  of  alcohol  corresponding  to  only 
1.2  per  cent  of  the  total  carbohydrate*.  Tlie  remaining  gummy 
mam  behaved  as  a  homogeneous  complex,  yielding  several  synthetic 
preparations,  the  analyses  of  which  were  consistent  with  the  view 
of  it*  homogeneity. 

•l*mt*  (aita,  K»  us,  tmz.  puia   AiMtmrti  j«if  ta^\«a.^aa. 
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A  summary  of  various  attempts  to  recover  valuable  products  from  the 
waste  has  already  been  given  (pp.  15-18).    Thus  far  no  satisfactory 
recovery  of  valuable  chemical  substances  has  been  made.    The  sub- 
stance itself  has  been  used  as  a  substitute  for  glue  and  for  sizing. 
Mitscherlich  precipitated  the  tannin  compounds  with  glue  in  the 
presence  of  alum  and  sulphuric  acid,  obtaining  a  rubbery  mass,  solu- 
ble in  weak  alkali,  which  could  be  used  in  engine  sizing.    He  later 
improved  the  process0  by  precipitating  with  lime  to  remove  the 
sulphite  present  and  then  diffusing  the  liquor  through  membranes. 
The  diffusible  portion  contained  sugars  and  was  fermented  for  alco- 
hol.   The  nondiffusible  part  was  treated  as  described  above  in  order 
to  remove  the  tannins.    A  later  patent6  describes  a  process  in  which, 
after  the  removal  of  the  calcium  salts,  the  liquor  is  heated  with  hair 
or  bone  to  give  a  semi  waterproof  sizing.    V.  Drewnen  and  L.  I. 
Dorenfeldtc  treat  the  liquor  with  soda  ash  recovered  from  the  soda 
pulp  process,  precipitating  the  lime  and  a  part  of  the  organic  matter. 
They  draw  off  the  clear  liquor  and  burn  the  residue,  using  the  heat  of 
the  combustion  to  evaporate  more  liquor.    The  liquor  is  said  to  con- 
tain more  calorific  energy  than  is  necessary  to  evaporate  it.  The 
soda  ash  is  recovered  from  the  residue  by  the  usual  process,  and 
about  60  per  cent  of  the  sulphur  is  recovered  by  liberating  free  sul- 
phur dioxide  with  carbon  dioxide  gas.    The  fumes  and  the  gases  from 
the  evaporation  were  found  to  be  very  corrosive.    This  trouble  was 
finally  overcome  by  combining  the  wastes  of  the  sulphite  and  soda 
pulp  mills  and  treating  them  like  soda  wastes.    Frank's  process,  as 
described  by  Schubert/'  consists  in  precipitating  the  remaining  cal- 
cium bisulphite  as  normal  sulphite  with  excess  of  lime,  after  which 
the  precipitate  is  redissolved  in  an  excess  of  sulphur  dioxide.  Such 
treatment  would  recover  only  a  small  part  of  the  total  sulphur. 
Meyer's  process,  also  described  by  Schubert,*  seeks  to  recover  valu- 
able products  by  destructive  distillation  of  the  organic  material  in  the 
waste.    The  liquors  are  neutralized,  concentrated  to  a  thick  sirup, 
mixed  with  charcoal  to  a  paste,  and  distilled.    The  yield  of  valuable 
products  is  too  small  to  make  the  process  economical.    II.  Seidel 
has  employed  the  soda  salt  of  the  lignone  sulphonic  acid  as  a  reduc- 
ing agent  in  chrome  mordanting  wool,  where,  under  the  name  "lig- 
norosin,"  it  is  used  in  place  of  tartaric  and  lactic  acids/    The  mate- 
rial, especially  when  concentrated,  is  very  sticky,  and  many  attempts 
have  been  made  to  utilize  it  a.s  a  substitute  for  glue.    In  J.  S.  Robe- 

"  I'liiled  SI  at  rs  patent  No.  tWU41.  1V01. 

I'nited  States  patent  No.  tiS7S-M,  MM. 
«  l-nited  States  patents  Nos.  tiJOTtt,  18W,  an.l  720036,  1001*. 
dSohulwrt.  Max.  Die  Cellulose*  Fahrikatkm.  Berlin,  1892. 
«Op.  (it. 

/Rev.  xvn.  <l«s  mat.  col.,  vol.  '2,  IM*.  p.  X.O.  Jout .  Sw. Ctveuv.  lndM  vol.  17, 1896,  p.  1043.  British pttoa* 
So.  /tttt3,  ISM.   ( Jcrinan  patent  No.  \«682,  VS51 . 
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son's  process*  for  the  manufacture  of  an  adhe-ive.  whirh  i-  heinjr 
used  nt  Au-ahle  Fork-.  X.  Y..  Iiy  a  larire  mill.'"  tin'  wa-te  lic|  114 »r  i- 
neutralized  wit h  Hint*  ami  evaporated  in  vacuo.  The  prod  net  i>  a 
tliii-k.  molasses-like  Unit | .  wliirli  find-  application  in  foundrie-  a-  an 
adhe>ive  in  cnrc  milking-  II.  Voi«:ht '  make-  a  irliii*  -uh-titute  l»y 
hcatin-j  stan-h  ami  it  peroxide  with  the  sulphite  liquor.  A.(i.  Brook-"1 
evaporate-*  the  liquid  till  it  contain-  "Jo  per  cent  water,  then  add- 
carbohydrate-  or  albuminoid-  ami  drie-  the  ma--,  whirh  i-  u-cd  for 
fuel,  pitrh.  jrlue.  re-in.  «»r  -ize.  Kno«-rl'  concentrate-  to  J."»  B. 
and  treat-  with  a  >la«;  meal  liiirli  in  pho-phoru-  iThonia-  -lai".  It 
U  claimed  that  the  plio-pln.ru-  of  the  -la.:  i-  rendered  -oluble  in 
citrate-  ami  l»eroines  available  in  fert ili/.in^.  Ahren-'  hive-ti^aied 
tin*  proce—  and  could  not  -uh-t  initiate  it-  claim-,  l'rocr— e-  have 
Ihvii  propttH'd  for  the  destructive  di-tillatioii  of  the  -ub-iame.  and, 
as  ha-  already  heen  Mated,  hoth  |>\rn»l  and  pyromtechin  have  been 
obtained  in  thi-  manner.  The  yield  of  thc-c  product*,  ha-  not  been 
-ilfhcieiit  to  make  the  proce—  -ucce— ful.  I  *;i  I  •■ill  -  have  been  granted 
for  priM-e- >e-i  involving  i In-  u-e  of  tin-  liquor  in  tannin  ;  According 
to  Sridel '■  per  cent  of  the  -olid-  an-  removed  by  rawhide  powder. 
Xo  -ati-fartory  method  ha-  \et  Imtii  de-erihed  for  -i-paral i 1 1 lT  the 
tannin  -uh-tamT  from  the  remainder.  Thi-  -ecm-  1m-  um*  nf  the 
important  line-  tor  future  iuvc-t  L'atiou.  Morterad  ■  -ubj.-ct-  tin- 
hot  liquor-  to  a  partial  \  a<  uum  and  remove-  from  them  a  * « »n -i« l»-r ;i I d<- 
Volutin*  of  -ulphur  dioxide  BcriTerhopf  -  luadi-  a  <  In-ap  L'lade  of 
paper  h»r  new -paper-  h\  u-in^  the  wa-te  liquor-  to  ■  t i^r* 1  -audu-i. 
Kckinair  "-alt-  out  tin*  liquor-  ami  make-  ,i  comenuai  ei|  -uln- 
tion.  which  he  mil-  dext  rom-.'"  a  -uh-t it utc  for  dextrin,  or  Briii-h 
^uin. 

EXPKKIMKNTAI.  INVKsTK ;  VTIONs  WITH  TIIK  OlUiANK 

M  ATKICIA  I.. 

The  know  le«|^i*  of  I  iie  «■!»•■  mn-ai  !  •■:n-i !« »n-  u  hn-h  ad  »  i  :/*•  '.  ijim  iiic 
is  Very  ll leader.  Kaily  in  tin-  ple-cnt  -tud\  it  ua-  'lei-iiii-l  ! ! ! i J »■  •  i  ' ;i ! 1 1 
to  obtain  additional  IL'i.t  "ij  tin-  iTtn-i.-ii  I »« •  1 1 :i \  l  ■  I  >>t  (i.i-  ■■ -.V •  :  ia!. 
It  w  a-  In  ipeil  t  hat  in  t  !ii-  kin»u  icd^e  •  •!  ll  -  « ■ . i ■  ■ : ! : i »  a  i  iia"i!  •■  :  .;_■!.■  r 

lie  enlarged  and  pal  t  iniiiil  l\   that  -oUn-  l.-.ii  I  l--n-        mdu-li;.!  ;|c 
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jiu    I  b  i  -  m  1     Put  1 1  its  si  ud  v  preparations  of  I  he  iJ  ry  m 

were  moe  in  various  ways;  the  solubility  of  thate  preparations 
investigated;  attempts  were  made  to  identify  a  sul  phonic  acid  in  ' 
uatcrial;  and  various  other  reactions  were  studied. 

PREPARATION  OF  CRUDE  «  LI  GNOME/* 

Three  difri-rcnt  preparation*  "f  tin*  ell y  malarial  were  used 
ione  A'1  was  obtained  in  dry  form  at  the  null,    It  was  observed  tlmt 
*rlain  *team  pipe*  pacing  near  the  blow  pit  were  heavily  coated  with 
^  hard  vulcanite-like  substance,  nearly  an  inch  thick  in  places,  h 
a  pound  of  this  material  wis  chipped  off  and  used  in  certain  of  tin 
BXperfmeotfc    "Lignone  611  Wis  the  supposed  calcium  compound 
obtained  by  evaporating  the  liquor  1  »  one-half  volume  and  sal  * 
out  with  common  salt.    A  granular  amorphous  substance,  con- 
taining some  salt  and  moist uret  was  obtained.    "Lignone  ( 
supposed  to  be  the  sodium  compound,    When  the  liquor  was  U 
ized  with  sodium  carbonate  and  allowed  to  nettle,  a  large  amount  of 
calcium  carbonate  was  precipitated.     The   remaining  liquor 
evaporated  and  salted. 

SOLUBILITY  OF  CRUDE  «  LIGNONE" 

The  solubility  "I"  aaefa  of  lhe.se  preparations  was  tested  with  several 

solvents  in  an  endeavor  to  obtain  a  liquid  from  which  the  material 
could  be  iTwstallized.  No  solution  took  place  in  either  hot  or  peM 
benzoin,  amy!  alcohol,  ally  1  alcohol,  petroleum  ether,  amyleiie,  uinvl 
acetate,  undine,  toluene,  xylene,  nitrobenzene,  carbon  bisulphide, 
ethyl  ether,  or  benzol.  Benzoin  seemed  to  soften  the  substance, 
The  tests  were  repeated  after  acidifying  to  see  if  a  free  acid  could  bo 
found  which  would  dissolve,  but  the  results  were  again  negative.  The 
two  alcohols  dissolved  (be  samples  if  diluted  with  water.  Ordinary 
©thyl  alcohol  also  dissolved  it,  a  result  probably  due  to  the  Wi 
Present    Absolute  ethyl  alcohol  was  not  tried. 

REACTIONS  WITH  PHOSPHORUS  CHLORIDES. 

An  important  general  reaction  of  su I  phonic  acids  is  tlmt  with 
phosphorus  pentachloride,  giving  sulphon-ehlorides  according  to  the 
reaction — 

I E  SO^OII  4-  P0|W  R-SO^Cl  +  FOCI,  +  If CL 

Sulphon-ehlorides  are  for  the  most  part  insoluble  oils  which  com- 
bine with  ammonia  to  form  crystal  livable  sulphonamides,  as  follows: 

H.SO.OI  4-  2NI  [,  =  K  .St  VNI  I,  +  NH  t(  'I. 

Appropriate  mixtures  of,the  crude  "lignones"  with  vary 
of  the  pent acidoride,  the  oxycUWvi*,  wev\  w\^v\m  <A 
made.    No  ind  »*'    '       '  ny  reaction    a»  o\A*C\v\sA  *v 
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at  temperatures  up  to  180°  C,  at  which  point  the  oxychloride 
to  di*tilL    Altogether  about  twenty  attempts  were  made  lo 
about  this  reaction.    The  products  after  heating  were  treat  cm  I 
ammonia,  but  no  evidence  of  any  amide  wiu*  ever  obtained. 

he  concluded,  therefore,  that  the  "lignone"  does  not  react 
the  chlorides  of  phosphorus  in  the  way  which  characterizes 
Aphonic  acids  in  general. 

FUSION  WITH  ALKALI. 

Another  characteristic  of  sulphonic  acids  is  their  ready  reduction 
lo  corresponding  phenol*  on  fusion  with  caustic  alkali  according  to 


K.SOrUH  +  2KOH  -  K,SO,  +  R,OH  +  HA 

Preparations  of  "hgnoite"  were  fused  in  this  way,  the  resulting 
rnaa^'  being  extracted  with  ether  and  evaporated.    Only  men*  trace 
of  i»ther  extract  were  obtained,  and  these  gave  none  of  the  usual  teat 
pnols.    During  the  fusion  the  sulphur  gave  strong  evidence  of 
ipe  into  the  air  in  the  form  of  some  volatile  mercaptan,  with  a 
nr  penetrating  and  sickening  odor, 

POSITION  OP  THE  SULPHUR  IN  "UGNONE." 

A*  in  both  series  of  tests  just  described  the  "lignone"  failed  to 
in  a  way  characteristic  of  true  sulphouic  acids,  the  presumption 
reasonable  that  a  sulphonic  acid  is  not  present.  An  inte 
rtion  i*  therefore  raised.  Mow  is  the  sulphur  in  thia  material 
tated  to  the  molecule  I  in  the  salting-out  ex]>eriments  some  light 
Was  thr*  »n  on  thi*  question.  It  wa*  found  that  a  considerable  part 
al  iraM  of  the  sulphur  was  in  such  loose  combination  that  it  was  given 
off  ■*  sulphur  dioxide  in  the  cold  during  the  salting  process.  The 
It  when  first  observed  was  attributed  to  the  sulphur  dioxide  in  the 
or.  but  it  was  possible  to  show  that  such  was  tint  its  origin.  A 
amount  of  the  fresh  liquor  was  cautiously  evaporated  nearly  to 
mid  then  diluted  with  water  to  tho  original  volume.  This 
it  ion  was  then  salted  in  parallel  with  a  fresh  solution.  An  nearly 
could  lie  determined  by  the  sense  of  smell,  equal  amounts  of 
title  were  given  olT  by  both  sample*.  Confirmatory 
obtained  by  dissolving  *orne  ol  "lignonr  A.M  a  com- 
dried  sample,  and  treating  it  in  the  same  manner.  That 
Iphur  could  not  be  removed  by  this  procedure  was  evident  on 
ring  and  igniting  the  salted  sample,  when  the  same  disgusting  odor 
given  off  as  by  the  original  sample  and  apparently  to  the 

point  was  verified  quantitatively  \vy  V\VTti\\vv\v  > 
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iodine  solution.  When  the  solution  was  acidified,  an  evolution  of 
sulphur  dioxide  occurred  and  the  reducing  power  increased  from  an 
equivalent  of  0.01  per  cent  to  0.104  per  cent  of  sulphur  dioxide.  On 
continued  boiling  without  acid  the  reducing  power  increased  from 
0.011  to  0.015  per  cent  of  sulphur  dioxide.  Boiling  with  potassium 
hydrate  still  further  increased  it  to  0.201  per  cent.  Lime  water  had  a 
similar  but  less  marked  effect.  All  these  observations  point  to  the 
probable  fact  that  a  sulphurous  ether  is  present.  Such  ethers  yield 
sulphur  dioxide  to  sulphuric  acid  and  are  readily  hydrolyzed  by  an 
alkali.  The  results  here  obtained  are,  in  all  respects,  what  would  be 
expected  from  sulphurous  ether,  and  the  presence  of  a  sulphonic  acid 
has  not  been  verified.  Though  the  presence  of  the  latter  compound 
has  not  been  disproved,  the  writer  is  strongly  of  the  opinion  that  the 
major  part,  at  least,  of  the  sulphur  is  present  in  the  form  of  an  acid 
sulphurous  ether  of  some  complex  hydrocarbon  radicle. 

REACTIONS  WITH  AROMATIC  AMINES. 

Previous  investigators  have  generally  agreed  that  "lignone" 
possesses  aldehydic  properties.  A  characteristic  property  of  alde- 
hydes is  that  of  forming  condensation  products  with  certain  bodies; 
the  aldehyde  and  the  other  substance — aniline,  for  example — con- 
dense to  form  a  complex  molecule.  When  a  solution  of  "lignone" 
was  mixed  with  aniline,  a  bright-red  precipitate  was  formed.  An 
excess  of  aniline  changed  this  body  to  a  black  insoluble  gum.  The 
reaction  took  place  equally  well  with  aniline  oil  or  with  aniline  sul- 
phate. All  attempts  to  purify  the  product  failed.  It  was  insoluble 
in  all  solvents  except  acids,  which  apparently  decomposed  it  into  its 
original  constituents.  Reference  will  later  be  made  to  the  action  of 
strong  nitric  acid  on  the  gum.  Exactly  similar  condensations  were 
observed  with  the  following:  Ethyl  aniline,  diethyl  aniline,  dimethyl 
aniline,  methyl  diphenvlamine,  ///-ehloraniline,  p-ehloraniline,  di- 
chloraniline  (1-2-4),  z/^-nitraniline,  p-nitraniline,  o-t oluidine,  p-tolu- 
idine,  dibroni-o-toluidine,  o-tolidine.  Substituted  amines  which  did 
not  give  condensations  were  o-nitraniline  and  dinitraniline  (1-3-6). 
Bright-red  products  were  formed  in  every  case  where  the  amine 
retained  the  XII,  group.  With  amines  in  which  substitution  had 
taken  place  in  that  group  brown  or  black  compounds  were  formed. 
The  reactions  of  these  preparations  with  fused  sodium  sulphide  is 
considered  under  the  caption  "Sulphur  dyes.,f  As  in  the  case  of 
the  aniline  condensation  product,  it  was  not  possible  to  purify  these 
gummy  substances.  They  were  decomposed  into  the  original  con- 
stituents on  treatment  with  strong  acids  or  generally  on  heating. 
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the  assumption  that  the  condensation  products  still  retain 
r  f haracteristic  amine  group,  they  were  treated  with  nitrous  acid 
an  ice  bath,  in  the  hope  of  obtaining  some  new  bodies  through 
diazo  reaction.    In  the  rase  of  aniline  this  reaction 

rtUtNHrHCl  +         »C#IIftN :  N(1  +  2HiO. 


REACTIONS   OP  THE  AMINE  CONDENSATION 

NITROUS  ACID. 

in  an 


When  thi*  substance  alone  is  heated  it  decomposes,  yielding 
phenol,  bul  in  the  presence  of  other  substances,  such  as  some  un- 
altered aniline,  reactions  of  technical  importance  can  l>e  brought 

r 


CAN :  NCI  +  H.O  =  C\HaOH  4-  X,  -f  HCl, 


The  product  of  the  latter  reaction  is  dia?x>-anudo  benzene,  a  starting 
for  the  preparation  of  an  important  group  of  dyes,  Applica- 
of  the  diazo  reaction  to  the  condensation  products  above 
bed  did  not  generally  result  in  apparent  change.    In  some 
intent-*  an  excesa  of  the  amine  reacted  in  a  manner  quite  char- 
ic  of  the  amine  itself  without  any  sul*stituted  groups.  The 
1  inertness  of  these  1km lies  under  such  conditions  lends  to  the 
anion  that  substitution  takes  place  in  the  amido  group  of  the 
ion  products    This  is  further  verified  by  the  fact  pnevi- 
*hown,  that  all  primary  amines  gave  bright-red  condensation 
uctis  while  the  others  gave  brown  or  black  substance*. 


REACTIONS  WITH  NITRIC  ACID. 


Concentrated  nitric  acid  was  found  to  have  a  very  vigorous  action 
tin  the  dry  "lignnne''  preparation  and  on  the  sulphite  liquor  itself  at 
Ugh  temperature*.  The  organic  matter  of  the  dry  iiguoue''  is 
completely  oxidised,  chiefly  to  oxalic  acid,  in  the  presence  of  a  suffi- 
cient rjtciw  of  the  acid.  Nitrous  acid  fumes  are  evolved,  and  t  he 
of  acetic  acid  can  be  distinctly  detected.  The  action  uf  nitric 
on  the  waste  liquor  is  leas  violent.  When  a  mixture  of  one  part 
acid  and  ten  parts  of  liquor  is  warmed,  action  begins  at  once, 
anil  acetic  adds  are  evolved,  as  with  the  dry  product,  anil 
of  the  solution  changes  from  dark  brown  to  bright,  golden 
This  solution,  after  neutralisation  <»f  the  free  nitric  acid  by 
txraaa  of  sodium  acetate,  was  found  to  dye  wool  and  silk  a  bean- 
orange~y*UoW.  Thia  yellow  dyestutf,  which  for  convenience 
•j  bp  called  tiguone  yellow,  is  of  peculiar  tntatol  a* 


twtortrvd  thmt  amy 


be  \*aJuab!e,  and  it  wma  \Yvattd 
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LIGNONR  YELLOW. 

Difficulty  was  at  first  experienced  in  separating  the  dye  from  the 
liquid.  Cloth  could  be  dyed  directly  in  the  liquid  with  excellent 
results,  but  on  evaporation  the  dye  lost  a  great  deal  of  its  coloring 
power.  By  evaporating  it  in  partial  vacuum  to  a  thick  sirup  and 
then  reducing  it  to  dryness  in  a  warmed  vacuum  desiccator,  it  was 
finally  possible  to  obtain  the  desired  material  in  dry  form.  It  is  a 
light-yellow  powder,  very  porous,  and  extremely  hygroscopic,  which 
latter  property  considerably  diminishes  its  commercial  value. 

Samples  of  woolen  cloth  dyed  in  baths  prepared  from  the  dried 
material  in  the  proportion  of  2  per  cent  of  the  dye,  by  weight,  were 
very  beautifully  colored.  The  color  is  retained  on  boiling  for  half 
an  hour  in  soap  solution,  dilute  acetic  acid,  or  dilute  alkali.  It  with- 
stands the  action  of  bleaching  powder,  chromate,  and  other  oxidizing 
agents.  It  will  stand  direct  summer  sunlight  for  two  days  without 
apparent  discoloration,  but  it  is  affected  on  the  third  day;  so  it  is, 
therefore,  only  moderately  fast  to  sunlight. 

Lignone  yellow  is  exceedingly  soluble  in  water  and  in  ethyl  alcohol 
On  evaporation  of  these  solutions  it  yields  a  pasty  mass  which  is 
completely  dried  with  difficulty.  When  dried  at  100°  C,  it  is  decom- 
posed with  evolution  of  nitrous  oxide.  It  can  be  eventually  oxidized 
with  nitric  acid  to  oxalic  acid.  From  the  manner  of  its  formation  it 
might  he  thought  to  be  a  nitro-body  and  in  its  dyeing  properties  it 
resembles  picric  acid;  but  it  differs  from  the  latter  and  from  other 
nitrophenols  in  several  particulars.  Picric  acid,  or  tri-nitrophenol, 
crystallizes  from  hot  water  and  is  difficultly  soluble  in  cold  water. 
The  same  is  true  of  para-nitrophenol.  Ortho-  and  meta-nitrophenols 
melt  at  4.">°(1.  and  W>°  C,  respectively.  The  three  di nitrophenols  are 
converted  to  picric  acid  on  further  nitration.  If  lignone  yellow  isaD 
aromatic  nitro-body,  it  must  be  more  complex  than  any  of  the  nitro- 
phenols. Repeated  attempts  to  reduce  this  dye  were  made,  but  no 
amido-hodv  could  be  detected  after  attempted  reduction  with  zinc 
dust,  zinc  and  hydrochloric  acid,  iron  and  sulphuric  acid,  ammonium 
sulphide,  hydrogen  sulphide,  or  the  electric  current.  In  no  case  did 
nitrous  acid  bring  about  any  reaction  after  these  attempts  at  reduc- 
tion. Generally,  the  yellow  color  was  not  destroyed.  Neither  weak 
chromic  acid  nor  bleaching  powder  destroy  the  color.  Long-con- 
tinued boiling  of  the  original  sulphite  liquor  with  sodium  nitrite  gives 
a  liquor  with  feeble  dyeing  properties,  the  color  being  like  that  of  the 
nitrated  substance.  It  is  possible,  therefore,  that  the  dye  is  » 
nitroso-compound  of  some  complex  radicle  rather  than  a  nitro-body. 
All  attempts  to  prove  this  point  resulted  negatively  and  the  question 
of  the  fundamental  character  of  the  dye  remains  open. 


KXJ 'MifMBJITAL  INVKST1OATI0KS, 


H8 


CTIOK8    Or   THE   AMINE   CONDENSATION    PRODUCTS  WITH 
NITRIC  ACID 


II  wan  thought  thai  the  nitration  of  the  substances  produced  by 
condensation  of  the  "lignone"  substance  with  various  amines 
it  give  risne  to  dyes  of  different  character,  and  that  the  latter  might 
technical  value  as  well  as  furnish  some  clue  to  the  nature  of  lig- 
vrllow.    Accordingly*  the  different  condensations  described 
"Reactions  with  aromatic  amines"  fp.  30^  were  submitted  to 
rtion  of  dilute  nitric  acid  and  the  dyeing  properties  of  the 
ilttng  solutions  were  tested  on  samples  of  wool.    To  obtain  com- 
itivc  results,  the  same  quantities  of  the  various  components  were 
each  time.    As  many  of  the  amines  arc  themselves  rapahlc  of 
nitration  under  suitable  conditions,  a  blank  test  wan  made  each 
i\  the  amine  tested  being  used  without  any  sulphite  liquor.  The 
lit* of  such  blank  tests  as  gave  a  dye  in  any  way  similar  to  that 
Itttigfrom  the  condensation  product  are  nol  recorded  n*  positive, 
each  teat  approximately  one  part  of  the  amine  and  one  pari  of 
trie  acid  were  used  with  twenty  parts  of  the  sulphite  liquor.  The 
mailt*  of  the  tests  are  summarized  in  the  following  table: 

<%f  prt^ttftM  rtwtttng  from  the  tfnvUt*AU%*m  of  "  Uqnmu"  mui  a  nun/-*,  imof 


Colof  of  Uyi'  i«o-ltjrt4. 

1  otuf  of  t-iJUU 

Dfif  MMfM  . 

OMMh  py* 

strung  

3 1  nine 
Htnuii 

Y*Uo« 

Wmk 

iS. 

nm 

C»k>  pint, 
tularin*, 

Dfifi, 

Colovkok 
*  nolur|n». 

fti^MSii  ttfuwn 
I  i<Af\nt  ontv> 

mm . 

StTOOf ,  _  , 

HtfTlllf  

SlMO*,  .  . 

tli  the  exception  of  one  or  two  doubtful  cases,  it  appears  that  the 
piiMtion  product*  enter  into  reaction  with  nitric  arid  just  as 
<"  alone  does,  and  that  the  shade  and  intensity  of  the  dyes 
produced  by  the  reaction  van"  from  green  through  orange  and  yellow 
la  brown,  depending  on  the  nature  of  the  amine  that  is  used.  Some 
general  observation*  can  also  Tie  made  from  this  study.  Substitution 
m  the  amido  group  of  ethyl  aniline,  etc  ,  gives  greenish  shades,  and 
U*  lighter  the  substituting  group*  the  more  prououttceA  \\w  ^cv^xv, 
la  uwa€hm}b*ttiuU*l  Aniline,  the  para-ootnpouniVa  tpxv  vW  Vr\~ 


li  it  ua  rf ul  iIjtm,  and  then  in  demmme  fariBncr  ihm  i 
imd  tin*  urf  ha- compound*.  The  nmet  poverf ul  and  brilliant  dy<**4 
•  Im*  wirie*  in  the*  table  were  those  produced  br  p-chlon*nilme. 
niline,  and  /Moluidin*.  Oilor-eompound*  give  the  m<*a  hraiiani  i 
I  he  uitro-couipomidrf  give  dye*  of  morr  sftirngib  and  body.  As  with 
llu*  nitrated  "lipioiie"  alow,  here  ako  evrfy  attempt  faded  l<*  pi**j 
duee  amine-  from  their  nitrated  *ubftlance*.  Many  rf  the 
il  iw  true,  tfavc  a  reaction  with  nitrous  arid  after  redortiun.  hui 
iHJch  viiM'n  1 1n-  reaction  wan  thai  of  the  amine  nn^mallv  use*!  am 
resulting  «uUlnncc«  could  be  prepared  equally  well  without  the* 
lion  of  '* h^tt'itK*. ft  Reduction  of  the  mtraniline  product*  wa#  xmH 
ut M'tujrti'il,  mh  too  £n»at  eomplication  would  ari*e  from  the  pnsero* 
of  (hi  nitro-j/ronp*  known  lo  he  preae  & 

SULPHUR  DYES. 

Many  oruunie  nuhNtuneeK  yield  dye*  when  fu*ed  with  a  mixture** 
milphur  and  .•••linm  sulphide.    These  so-called  sulphur  dyes  are  nov 

 "'ilur  Umd  in  a  variety  of  color*,    They  art*  direct  cotton  dy 

thiH  R  ihcv  * l>    cotton  without  the  aid  of  a  mordant— and  they  i 
f«y  flint     Their  cheapiiaai  and  valuable  properties  have  causwl 
them  to  conk-  into  wide  tue.    An  attempt  was  made  to  pi 
of  tflli  kind  from  fttrfphft*  waste  liquor  and  from  several  of  its  < 
limitation  products,    In  particular,  it  was  hoped  to  obtain  dyea  d 
bright  color,  red  or  blue,  because  such  colors  are  especially  desirable 
and  bring  good  prieea  on  the  market,   Brown  and  black  are 
more  riMiilil v  made,  and  ure  consequently  cheaper.    Mixtures  of  aoe 
p*irl  dry  crude  "lignum'"  ami  one-half  part  each  of  sodium  sulphide 
and  sulphur  were  fowt\  for  fifteen  minutes  at  a  low  heat, 
result  in^  maa*  was  extracted  in  hot  water  and  the  extract  filtered  ani! 
evaporated,     Krom  kJr*  grains  of  dry  "lignone"  there  wen1  mauY  20 
grains  of  a  green  powder,  soluble  in  water  containing  a  little  smlium 
sulphide.    This  powder  was  found  to  be  a  true  sulphur  dye,  coloring 
cotton  a  dark  green,  which  changed  to  a  good  black  on  oxidation  in 
the  air  or  on  subsequent  treatment  in  a  chrome  bath.  Compel 
With  commercial  dyes  in  the  market,  tins  dye  is  worth  about  7  cents  1 
a  pound  in  its  impure  condition.    About  half  its  weight  is  inert  mate*  j 
rial,  which  can  l»e  removed  by  proper  treatment.    Similar  cxpeih  I 
menls  in  preparing  sulphur  dyes  were  made  with  the  condensation 
products  previously  mentioned.    (See  p.  33.)    The  shades  of  fa  ■ 
resulting  dyes  were  somewThat  modified  by  the  presence,  of  the  amifl* 
but  they  were  all  browns,  grays,  or  black.    No  advantage  was  app** 
ent  in  the  use  of  the  condensed  products  over  that  of  the  unties 
"Jignone." 


CONCLUSIONS. 


COMMERCIAL  POSSIBILITIES  OF  LIGNONE  DYES. 

Two  of  the  best  dyes,  namely,  those  resulting  from  the  nitration  of 
Itgnoni*"  alone  and  of  *Mignone"  condensed  with  /^hloraniline, 
were  prepare*!  in  large  quantity,  in  urder  to  determine  the  yield  and 
the  coat  of  the  process.  One  hundred  grams  of  dry  crude  "  [immune" 
were  tmtod  with  ♦"*()  cubie  centimeters  of  concentrated  nitric  arid 
specific  gravity  1,4*J>,  and  the  resulting  solution  evaporated  in  vacuo. 
Seventy  gram*  of  lignone  yellow  were  obtained.  Compared  wit li 
mandarin  yellow,  the  technical  dye  approaching  it  most  nearly  in 
color  and  fastness,  it  is  worth  Is  cents  a  pound.  The  cost  of  nitric 
acid  would  U*  o  cents  a  pound  of  dye  To  neglect  for  the  moment 
the  cost  of  evaporating  the  original  liquor,  the  margin  laHween  the 
cost  of  the  acid  and  the  value  of  the  dye  appears  to  be  sufficient  to 
pay  for  the  work  of  handling  This  would  l>e  true  at  place*  where 
expediency  makes  it  necessary  to  evaporate  the  liquor  in  any  case, 
and  also  at  places  when'  the  dye  eould  lie  used  in  liquid  form 
a>  made.  The  cost  of  evaporating  the  liquor,  however,  would 
undoubtedly  l>e  greater  than  the  value  of  the  dye.  It  must  also  be 
borne  in  mind  that  there  is  necessarily  a  limited  market  for  a  dye  of 
this  kind  a  market  too  limited,  in  fact,  to  permit  any  general  adop- 
tion of  this  plan  of  utilization,  even  if  it  were  very  much  cheaper  A 
■similar  test  of  the  cost ,  yield,  and  value  of  I  he  d\  e  from  ;>-chloraiiiline 
gave  an  additional  cost  of  U  cents  a  pound  of  dye  for  aniline,  making 
tlit*  total  cost  for  material  I  \  eenls  I  pound,  While  the  color  was 
much  more  brilliant,  its  red  shade  lowers  slightly  its  market  value, 
pun*  yellows  and  greenish  yellows  being  in  much  greater  demand  for 
use  than  browns.  As  an  additional  market  outlet,  however,  this  dye 
may  possibly  help  in  the  utilization  of  sulphite  waste  liquor  The 
actual  results  attained  in  this  investigation  are  not  considered  so 
important  as  the  fact  that  a  new  »nd  interesting  series  of  reactions 
of  "lignonc"  have  been  discovered,  further  development  of  these 
dycs  is  the  Work  of  the  -killed  e\pt*M  ill  le\l  ilr  coloring  fl  is  riot  too 
touch  to  expect  that  such  an  expert,  possessing  full  knowledge  of  the 
technique  of  dyeing,  will  In-  jiI>Eo  not  only  to  simplify  ami  to  reduce 
to  a  practical  working  basis  the  method-  herein  •  nil liut  -i,  but  also  to 
discover  new  ami  mors  valuable  product*  by  further  ex|ieri  men  tat  ion 
along  similar  lines 

roNtxrsioN. 

The  foregoing  study  of  sulphite  pulp  waste  liquor  and  of  the  pos- 
sible utilization  of  the  organic  material  in  it  may  be  summarized  in  * 
few*  sent  ernes. 

Stream  pollution  by  the  waste  from  sulphite  pulp  mitt* \% t&\frTOm* 
and  wasteful;  even  y  ear  over  two  and  n  UwU  \v\\\\o\\  \mvrc*\*  *A  vSA 
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matter  from  this  source  are  turned  into  the  rivers  and  lakes  of  the 
I « nited  States. 

The  problem  of  utilizing  this  immense  amount  of  waste  matter  has 
been  studied  for  a  long  time,  and  numerous  processes  for  using  or  for 
destroying  it  have  been  devised,  but  they  are  all  unsuccessful,  either 
because  there  is  only  a  limited  market  for  the  proposed  product  or 
because  the  suggested  process  is  prohibitively  costly. 

Successful  disposal  of  the  sulphite  waste  liquor  lies  obviously  in  the 
utilization  of  the  so-called  "lignone"  in  it,  but  aside  from  the  employ- 
ment of  this  substance  to  a  slight  extent  as  an  adhesive  and  as  a  source 
of  tannin,  no  practicable  way  for  its  direct  use  has  been  devised. 

The  waste  consists  principally  of  wood  material  separated  from  the 
wood  fiber  by  the  action  of  a  strong  sulphite  solution  on  wood  chips; 
it  is  a  compound  of  "lignone"  with  sulphur;  but  the  exact  nature  of 
t  he  imion  has  not  been  definitely  demonstrated. 

Kxperimental  evidence  indicates  that  the  sulphur-bearing  com- 
pound in  the  waste  liquor  is  not  a  true  sulphonic  acid;  at  all  events, 
it  does  not  react  like  an  ordinary  sulphonic  acid.  Its  condensation 
with  the  aromatic  amines  point  to  its  probable  aldehydic  nature. 

Nitration  of  "lignone"  and  of  its  amine  condensation  products 
gives  a  series  of  dyes  the  shade  and- intensity  of  which  vary  from 
green  through  orange  and  yellow  to  brown,  depending  on  the  nature 
of  the  amine  that  is  used.  These  substances  dye  wool  directly,  giving 
brilliant  colors  that,  are  fast  to  soap,  acids,  and  alkalies,  and  reasonably 
fast  to  sunlight.  One  of  them,  named  lignone  yellow,  and  made  by 
nitrating  crude  "lignone"  itself,  dyes  wool  and  silk  a  beautiful  orange 
yellow.  Fusion  of  "lignone"  with  sodium  sulphide  and  crude  sulphur 
produces  a  sulphur  dye  that  colors  cotton  (lark  green,  changing  to 
black  on  treatment  in  a  chrome  bath. 

A  search  for  new  compounds,  such  as  that  made  in  the  present 
investigation,  possesses  the  serious  drawback  that  much  time  ami 
elfort  may  he  spent  without  tangible  results;  on  the  other  hand,  an 
important  discovery  may  be  made  at  any  time.  Certain  reactions 
brought  to  light  in  this  work  with  "lignone"  reveal  great  possibilities. 
Though  the  dye  called  lignone  yellow  has  only  slight  commercial 
possibilities  and  is  at  best  but  a  partial  solution  of  the  major  problem, 
yet  the  opportunities  for  further  progress  along  this  line  are  pregnant 
with  the  ever-present  chance  of  discovering  valuable  substances. 
The  number  of  •'lignone"  condensation  products  is  almost  unlimited, 
and  a  wide  f icicl  for  investigation  is  thereby  offered.  Only  a  small 
portion  of  a  large  and  interesting  territory  has  been  covered  by  these 
experiments  and  the  results  are  by  no  means  conclusive.  But  it  i* 
hoped  and  expected  that  the  mere  reopening  of  this  old  and  practically 
abandoned  problem  by  calling  attention  to  these  new  lines  of  attack 
may  result  in  renewed  investigation  and  in  the  ultimate  utilization 
of  a  substance  that  to-day  is  \>toW\A\  taosx  N^WUe  waste  material 
known  to  industrial  chemistry. 


SURVEY  PUBLICATIONS  ON  STREAM  POLLUTION. 


The  fallowing  water-supply  papers  of  the  Survey  discuss  stream 
pollution.  Nos.  103, 152,  lK5,an<l  194  can  he  obtained  from  the  Super- 
intendent of  Documents,  Government  Printing  Of  lice,  Washington, 
D.  r..  at  the  prices  stated.  Any  of  the  others  will  be  sent  free,  while 
the  edition  lasts,  on  application  to  the  Director  of  the  United  States 
Geological  Survey. 

7  *  Ni-«4^f  jHilhitififi  in  the  metropolitan  area  uear  New  York  City  and  its  effort  on 
inland  water  nsmiinw,  by  M.  <>.  I  Brighton.    1902.    75  pp.,  8  pis. 
Normal  and  polluted  water  in  northeastern  l*nited  Stater*.  l»y  M.  O.  lioighton. 
V*2  pp. 
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CORROSION    OF    WATER  PIPES 


By  EARLE  B.  PHELPS 

Report  made  to  the  Sanitary  Committee  of  the  National  Association  of 
the  Matter  Plumber*  of  the  United  State*,  and  reprinted  from  the 
Report  of  the  Sanitary  Committee  for  1007-1908-1909 


.  David  Craig, 

National  Ass  n.  Master  Plumbers, 
Boston,  Mass. 
Sir: 

I  beg  to  submit  the  following  report  upon  my  investigation 
into  the  question  of  the  corrosion  of  water  pipes  in  certain 
cities  of  the  Middle  West,  The  investigation  was  undertaken 
at  your  request,  the  following  speci6c  questions  being  presented ; 

(l).  What  is  the  cause  of  the  corrosion  noted?  In 
particular  docs  it  result  from  the  chemical  treatment  of  the 
waters? 

(a).    What  is  the  sanitary  significance  of  the  deposits 
observed  in  the  pipes? 

i  3),  What  remedies  can  he  adopted? 

The  difficulties  were  stated  to  be  of  common  occurrence 
in  cities  where  chemicals  are  used  in  treating  the  water  and  most 
especially  marked  in  St.  Louis,  Mo.  Samples  of  various  kinds 
of  pipe  which  had  been  in  service  at  St.  Louis  for  various 
lengths  of  time  were  forwarded  met  together  with  an  account 
of  the  method  of  water  purification  in  use  there  and  analyses 
of  the  water  before  and  after  treatment. 

The  three  questions  raised  will  be  discussed  in  the  order 
in  which  they  are  given  with  special  reference  to  the  problem 
at  St  Louis. 

The  Naimre  and  Cause  of  the  Corrosion, 

The  specimens  of  pipe  submitted  were  carefully  examined 
with  the  following  results:  The  action  in  question  is  chiefly 
noticeable  in  galvanized  iron  pipes.  Specimens  of  such  pipe 
which  had  been  in  service  for  but  a  few  years  were  almost 
completely  choked  with  a  yellowish  white  substance  closely 
adherent  to  the  surface.  It  was  removed  only  with  difficulty 
and  then  brought  away  with  it  flakes  of  the  zinc  coating  of  the 
pipe.  The  latter  was  evidently  much  corroded  u  mvV\ca\*A  Vj 
the  way  it  flaked  off.   Specimens  of  black  tract  Vfttet  *mWv^ 
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in  service  for  many  years  showed  much  less  of  the  deposit  and 
in  fact  no  more  than  would  have  been  expected  when  the 
character  of  the  water  is  taken  into  consideration.  This  deposit 
was  the  characteristic  hard  scale  usually  formed  in  toiler 
tubes  when  hard  waters  are  in  use.  Specimens  of  brass  pipe 
showed  no  deposit  whatever,  being  apparently  as  good  as  new. 
These  facts  lead  to  the  belief  that  the  material  is  not  a  mere 
deposition  which  might  occur  normally  when  hard  waters  are 
used,  but  that  it  resulted  directly  from  the  action  of  the  water 
upon  the  zinc  coating  of  the  pipe.  Analysis  of  the  material 
confirmed  this  view.  It  was  found  to  contain  over  80  per  cent, 
of  pure  zinc  oxide,  with  a  small  amount  of  carbonate,  some 
silica  and  a  very  little  carbonate  of  calcium.  The  analysis 
follows : 

ANALYSIS  OF  MATERIAL  FROM  GALVANIZED  IRON  PIPE 

Oxide  of  Zinc         -         -  80.4% 
Oxide  of  Calcium   -         -  9.1 
Oxide  of  Iron  and  Aluminum  4.0 
Carbonic  Acid  as  Carbonate  3.2 
Silica  and  Insoluble  matter  9.8 

99.5 

Such  a  result  can  have  but  one  interpretation.  The  water 
has  a  very  corrosive  action  upon  zinc,  first  dissolving  it  slightly, 
at  the  same  time  oxidizing  and  precipitating  it  as  an  hydrated 
oxide.  Some  slight  combination  with  the  carbonate  of  the 
water  then  takes  place  by  which  an  insoluble  basic  carbonate  is 
formed;  at  the  same  time  some  of  the  minor  constituents  of  the 
water  are  deposited,  particularly  oxide  of  iron  and  aluminum 
which  assist  in  cementing  together  the  slowly  forming  zinc 
compound  into  a  hard  concretion. 

It  is  therefore  of  special  importance  to  determine  if  possible 
what  constituents  of  the  water  are  especially  responsible  for  this 
solvent  action.  Added  interest  is  given  to  this  point  by  the 
assertion  that  no  such  results  were  noticed  before  the  intro- 
duction of  the  present  method  of  treatment.  This  statement 
ought  not  of  course  to  go  unchallenged  in  such  an  inquiry  as 
this  and  the  writer  has  been  at  considerable  pains  to  verify  it 
The  fact  is  disclosed  that  in  many  other  places  similar  difficulties 
have  followed  the  introduction  of  water  purification  systems 
using  coagulants.  It  is  well  known,  of  course,  that  alum  would 
exert  such  a  corrosive  action  but  in  the  present  case  sulphate 
of  iron,  and  not  alum,  is  used  as  the  coagulant  and  in  general, 
in  any  properly  operated  plant,  undecomposed  alum  never  finds 
its  way  to  the  water  main.  Such  a  result  could  only  result 
from  mismanagement  of  the  plant  and  ignorance  of  the  process. 
The  same  remarks  apply  equally  to  iron  sulphate  with  the 
additional  well-known  fact  that  the  iron  compound  would  not 
in  any  case  directly  give  rise  to  the  action  noted. 

Careful  study  of  the  analyses  submitted  throws  no  light  upon 


the  question.    These  figures  are  included  here  as  a  matter  of 

record.  The  chemical  treatment  involved  the  addition  of  iron 
cg  commonly  called  copperas  or  green  vitriol  and  of  lime, 
slight  excess  of  lime  serves  to  precipitate  the  iron  which 
tes  out  in  small  floes.  This  floculent  precipitate  settles 
rapidly,  carrying  with  it  most  of  the  suspended  clay  and  the 
bacteria  and  much  of  the  color.  The  lime  further  acts  upon  the 
bicarbonate  of  calcium  and  the  magnesium  salts  already  in  the 
water,  removing  them  in  part.  The  chemical  reaction  between 
the  copperas  and  the  carbonates  of  the  water  results  in  an  inter- 
change of  acid  radicals,  the  carbonate  radical  being  precipitated 
with  the  iron  and  the  sulphate  radical  of  the  copperas  remaining 
in  solution  with  the  calcium.  The  end  result  from  the  chemical 
standpoint  therefore  is  the  removal  of  part  of  the  calcium  and 
magnesium  and  of  the  carbonate  radical  and  the  addition  of 
some  sulphate  radical  The  changes  brought  about  by  the 
purification  wilt  be  clear  from  the  following  analyses  of  the 
water  before  and  after  treatment  and  the  amount  of  each  con- 
stituent removed  or  added: 


ANALYSIS  OP  THE  MISSISSIPPI  RIVER 
WATER  BEFORE  AND   AFTER  PURIFICATION 
(Puts  per  million) 


Before 

After 

ttrmoeed 

14.1 

11.6 

».« 

UP 

t9.t 

19.T 

Carbonate  radical 

US-tf 

61U 

MM 

Sulphate  radical 

»  * 

fl.l  (nddi) 

Chlorine  - 

a.o 

M 

CO 

Total 

The  fact  that  the  zinc  alone  was  attacked  suggests  the  pos- 
sibility of  electrolytic  action*  The  principles  underlying  these 
phenomena  may  be  thus  stated.  If  into  a  dilute  salt  solution 
a  strip  of  zinc  and  one  of  copper  or  brass  be  dipped,  and  an 
electric  connection  be  made  between  their  outer  ends,  a  cur- 
rent will  flow  whose  intensity  is  dependent  upon  the  elec- 
-olytic  character  of  the  solution*  Such  a  current  flows  always 
from  the  zinc  through  the  water  to  the  copper  and  its  passage 
constantly  dissolves  the  zinc.  Now  in  any  household  water 
pipe  system  with  brass  faucets  and  particularly  brass  hot  water 
we  have  just  such  an  arrangement,  an  electric  battery  if 
will,  in  which  only  the  zinc  pipes  are  affected  and  which 
ect  is  determined  entirely  by  the  character  of  the  water  We 
ve  but  little  exact  knowledge  of  the  amount  of  action  to  be 
-tied  from  any  given  combination  of  dissolved  substances, 
little  in  fact  to  enable  us  to  determine  in  advance  just  what 


4 


the  action  would  be  in  any  given  case.  A  simple  experiment, 
however,  furnishes  the  necessary  proof  that  the  treated  water 
of  St.  Louis  under  these  conditions  is  much  more  corrosive  than 
the  utnreated.  For  this  purpose  waters  were  carefully  prepared  to 
duplicate  exactly  the  analyses  already  given.  With  each  of 
these  waters  a  small  battery  was  made  up  as  follows:  Two 
glass  test  tubes  were  filled  with  the  same  water.  Into  one  was 
placed  a  strip  of  zinc  and  into  the  other,  one  of  brass.  The 
ends  of  these  strips  were  connected  and  the  circuit  was  com- 
pleted by  a  piece  of  platinum  wire  running  from  one  tube  to  the 
other.  The  two  little  batteries  were  then  kept  under  constant 
observation.  Within  three  days  the  zinc  in  the  treated  water 
battery  was  being  noticably  attacked  and  the  water  was  rendered 
turbid  by  the  basic  zinc  carbonate  which  was  formed.  No 
action  was  visible  on  the  zinc  exposed  to  the  untreated  water 
during  the  entire  time  of  observation,  over  two  weeks.  Of 
course  this  experiment  was  arranged  to  obtain  the  maximum 
effect  in  a  short  time..  In  practice  the  circuits  are  not  so  short 
and  the  current  is  not  so  strong.  The  experiment  demonstrated 
conclusively,  however,  that  the  altered  electrolytic  character 
of  the  water  is  the  cause  of  its  increased  corrosive  action, 

One  other  point  is  worthy  of  attention  here.  It  is  well 
known  that  what  are  called  colloidal  substances,  of  which  the 
ordinary  coloring  matter  of  water  is  an  example,  have  the 
power  to  neutralize  certain  electrolytic  properties  of  dissolved 
salts.  In  such  cases  the  colloid  is  generally  precipitated.  The 
experiment  cited  above  was  repeated  after  a  little  coloring 
matter  obtained  by  steeping  some  dead  leaves  had  been  added 
to  the  water.  The  zinc  plate  then  became  slightly  tarnished  by 
a  dark  deposit  and  was  thenceforth  protected  from  the  elec- 
trolytic action  so  that  its  solution  was  very  much,  though  not 
entirely,  prevented. 

Evidently  therefore  the  removal  of  the  coloring  matter  from 
the  water  has  also  contributed  to  the  undesirable  result.  To  sum 
up  then,  this  water  acts  upon  galvanized  pipes  electrolytically,  in 
those  places  where  galvanized  and  brass  pipes  are  placed  in  the 
same  system.  This  action  is  more  severe  in  the  case  of  the  puri- 
fied water  than  it  would  be  with  the  raw  river  water,  owing  both 
to  a  change  in  the  mineral  character  of  the  water  and  to  the  re- 
moval of  the  protective  effect  of  the  colloidal  coloring  matter. 

Sanitary  Significance. 

From  a  sanitary  standpoint  the  action  described  may  be  con- 
sidered quite  harmless.  The  compound  of  zinc  formed  is  quite 
hard  and  not  readily  removed.  In  any  case  only  minute  traces  of 
zinc  are  actually  oxidized  in  any  short  time  and  the  salts  of  zinc 
are  not  among  the  poisonous  metal  salts  like  copper  and  lead. 
Oxide  of  zinc  is  used  in  healing  ointments  for  application  to  raw 
burns  and  for  treatment  of  skin  diseases.  In  my  opinion  no  pos- 
sible danger  to  the  public  health  exists  in  this  case.  The  sanitary 
danger  lies  all  on  the  side  of  the  untreated  water. 
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Two  courses  of  action  suggest  themselves  as  possible  reme- 
dies Obviously  galvanized  pipes  are  not  suited  for  use  with  this 
water  in  connection  with  brass  faucets  and  other  brass  fittings. 
Either  all  brass  work  must  be  removed,  a  very  serious  matter,  or 
some  substitute  for  the  galvanized  pipe  must  be  found.  There 
would  seem  to  be  no  alteration  possible  in  the  method  of  treat- 
ment at  the  purification  works  which  would  do  away  with  the 
difficulty.  Judging  from  the  chemical  analyses  it  would  not  ap- 
pear that  this  water  would  have  any  solvent  action  upon  lead,  cer- 
tainly not  upon  lead  which  had  been  in  service  a  short  time. 
This  statement  is  strictly  local,  and  not  of  general,,  application. 
For  the  case  in  question  I  suggest  a  substitution  of  lead  for  gal- 
vanized iron  pipe;  as  an  additional  safeguard  the  solvent  action 
of  the  water  upon  lead  pipe  should  be  carefully  determined  by 
a  competent  chemist 

In  conclusion  the  results  of  this  study  may  be  summed  up  as 
follows: 

The  waters  of  the  Mississippi  River  after  purification  at  the 
water  works  of  St.  Louis,  are  exceedingly  corrosive  for  galvan- 
ized iron  pipe.  This  corrosive  action  has  been  more  noticeable 
since  the  introduction  of  the  present  system  of  purification  by 
means  of  iron  sulphate  and  lime.  Similar  treatments  of  waters 
elsewhere,  where  either  sulphate  of  iron  or  sulphate  of  alumina, 
(alum ),  are  used,  have  in  many  cases  resulted  in  increasing  the 
corrosive  action  of  those  waters. 

The  only  essential  change  in  the  chemical  character  of  the 
water  in  question  due  to  treatment,  is  the  removal  of  a  Large  por- 
tion of  the  carbonate  ions  and  the  substitution  of  sulphate  tons 
in  their  place.  Chemically  considered,  the  water  is  not  rendered 
more  corrosive  for  sine  by  this  change. 

In  the  presence  of  electrolytic  action,  however,  sulphate  ions 
tend  to  attack  and  dissolve  the  zinc,  while  carbonate  ions  pro* 
tret  it* 

Very  weak  electrolytic  action  is  always  present  when  dis- 
similar metals  are  in  contact  with  each  other  and  both  in  contact 
with  a  solution  containing  such  salts  as  are  found  in  this  water. 
Such  action  is  particularly  noticeable  when  the  metals  are  zinc 
and  copper  or  zinc  and  brass.  Where  copper  or  brass  fittings 
or  bot  water  pipes  are  employed  in  the  neighborhood  of  galvan- 
ized iron  pipes  the  water  in  question  is  bound  to  set  up  electro* 
lytic  action  with  the  consequent  corrosion  of  the  zinc. 

No  sanitary  question  is  here  involved. 

The  remedy  in  the  particular  case  of  St.  Louis  lies  in  the 
substitution  of  lead  pipe  for  the  galvanized  iron  pipe  now  em- 
ployed. Tin  lined  or  other  protected  pipes  may  serve  equally 
well.  The  water  will  not  have  any  serious  solvent  action  upon 
the  lead  if  the  specimen  analyses  submitted  are  representative. 
Before  making  any  radical  changes,  however,  this  point  should 
be  more  carefully  studied. 


As  regards  other  waters  of  this  kind  no  general  statements 
can  be  made.  Where  increased  solvent  action  has  followed  the 
introduction  of  chemical  purification  processes  the  cause  is  prob- 
ably the  same  as  that  assigned  in  this  case.  In  some  cases,  how- 
ever, the  substitution  of  lead  pipe  might  give  rise  to  more  serious 
evils,  and  the  proper  remedy  can  only  be  determined  after  a  care- 


ful study  of  each  individual  case. 

Respectfully  submitted, 

EARLE  B.  PHELPS, 

}' iirtititr'y  Exptft* 

Boston,  Mass.,  May  25,  1908. 
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INVESTIGATION  OF  THE  SANITARY  CONDITION  OF 
THE  GOWANUS  CANAL.  BROOKLYN,  NEW  YORK 

By  CHARLES  F.  BKKITZKK 
INTRODUCTION 

tract  of  a  part  of  the  thesis  submitted  in 
ft  1906,  by  Norman  P.  Gerhard  and  the  writer,  at  that  lime  candi- 
date* for  the  Degree  of  Bachelor  of  Science  at  the  Massachusetts 
Institute  trf  Technology. 

The  object  in  view  in  the  preparation  of  the  original  thesis  on  file 
in  the  Engineering  Library  at  the  Institute  was  to  investigate  the  con- 
dition the  Gowanus  Canal,  Brooklyn,  New  York,  and  to  suggest  a 
plan  for  remedying  the  nuisance.  The  sanitary  investigation  was  made 
by  the  writer.  The  discussion  of  the  methods  which  might  be  applied 
•  lo  remedy  the  conditions  was  written  by  N\  r\  Gerhard.  In  view  of 
the  fact  that  the  problem  ha*  also  been  considered  by  the  Brooklyn 
engineer*  and  that  a  flushing  tunnel  is  now  under  construction,  it  was 
thought  best  in  the  publication  of  this  abstract  to  omit  N.  P.  Gerhard's 
part  of  this  study. 


Investigation  0/  Sanitary  Condition  of  Gowanus  Canal  245 


and  Upper  New  York  Bay.  The  canal  is  closed  at  its  upper  end 
opens  at  the  lower  end  into  Gowanus  Bay,  a  part  of  New  York 
Its  position  is  best  seen  by  a  study  of  the  appended  United 
lie*  Geological  Survey  map  {Fig,  \). 
Construction  and  Data,  —  Originally  this  portion  of  Brooklyn  con- 
a  stream  known  as  Gowanus  Creek.  Its  shores  were  every  where 
surrounded  by  great  salt  marshes  formed  by  the  combined  action  of 
the  tide  and  the  wash  from  the  surrounding  upland  This  inlet  was 
then  navigable  at  all  stages  of  the  tide.  Since  that  time  the  marshes 
have  been  entirely  filled  int  mainly  from  gravel  knolls  which  were  cut 
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down  in  the  western  part  of  the  city.  The  original  shore  line  in  1 776 
and  the  present  outline  of  the  canal  are  shown  on  the  accompanying 
map  (Fjg>  2),  A  glance  at  the  topographical  map  shows  that  the  land 
slopes  down  toward*  the  canal  on  the  mirth,  east,  and  west;  while  on 
the  south  it  is  flat,  this  being  made  land.  For  the  length  of  a  block 
either  skle  of  the  canal  the  ground  is  practically  level 
The  act  authorising  the  construction  of  the  canal  wa*  (Kissed  in 
1*49  The  original  cost  of  construction  w-as  £452, 131,  and  this  was 
assessed  on  the  portion  of  the  city  benefited  The  lateral  basins  pnv 
vided  for  were  to  be  built  by  private  enterprise  The  date  of  completion 
about  186a 
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The  canal  (Fig,  3)  was  constructed  with  two  objects  in  view.  One 
was  to  drain  this  section  of  the  city,  including  an  area  of  about  1,700 
acre**  chiefly  marshes,  and  to  make  it  fit  for  agricultural  use  and  build- 
ing purposes,  The  other  object  was  to  make  a  navigable  waterway  for 
ill  river  and  coasting  craft,  such  as  sloops  and  schooners  of  light  draft, 
towbnots,  and  barges. 

The  length  of  the  main  canal  is  about  6,575  feet,  and  the  lateral 
basins  are  approximately  3,600  feet  in  length.  The  total  length  is, 
therefore,  about  10,175  feet,  or  somewhat  less  than  two  miles.  The 
legal  width  of  the  canal  is  100  feet,  Its  average  depth  is  10  feet 
below  mean  low  water,  but  the  variations  in  depth  arc  considerable. 
At  the  head  it  is  about  5  feet  deep  and  it  grows  gradually  deeper  as 
Hamilton  Avenue  is  approached.  The  total  capacity  of  the  canal  at 
mean  low  water  is  approximately  10,000,000  cubic  feet. 

Xatntt  of  the  Locality,  —  The  locality  is  chiefly  a  commercial  one 
and  constat*  largely  of  factories  and  yards.  Certain  portions  toward  the 
lower  end  and  on  the  eastern  side  are  not  yet  built  up,  and  there 
remain  numerous  empty  lots.  The  factories  and  yards  extend  the 
entire  length  of  the  canal  and  for  the  distance  of  a  block  on  either 
%uic  These  include  gas  works  factories,  chemical  works,  ice  plants, 
talt  work*,  «iil  refineries,  asphalt  and  paving  material  plants,  building 
material  yards,  coal  and  wood  yards,  power  houses,  machine  shops  and 
foundries,  storage  warehouses,  junk  yards,  and  city  dumps 

Immediately  adjoining  this  business  section  on  cither  side  of  the 
canal  is  a  thickly  populated  tenement  district  Gradually,  as  the  dis- 
tance from  the  canal  increases,  more  and  more  houses  are  found,  and 
the  better  residence  sections  are  within  five  blocks  on  either  side. 

The  photographs  accompanying  this  article  (Figs.  4  to  7)  give  a 
general  idea  of  the  nature  of  the  locality. 

I'alnt  of  the  Property. — The  assessed  value  of  the  land  fronting 
the  canal  is  $3,315,000.  The  canal  enables  the  abutters  easily  to 
<*bum  supplies  of  coal,  brick,  lumber,  oil,  etc^  from  schooners  and 
canal  boat*  tawed  up  the  canal  by  tugs.  An  examination  of  records 
on  the  amount  of  traffic  cm  the  Gowanus  Canal  showed  that  during 
1  recent  year  26,680  vessels  passed  Hamilton  Avenue,  an  average  of 
eighty-seven  per  day.  At  Ninth  Street,  Third  Street,  and  Union  Street, 
the  average  per  day  was  eighty,  forty-eight,  and  twenty-four  vessels, 
respectively.  There  is  no  rail  mod  in  this  part  of  the  cityt  and  the 
canal  is  therefore  a  great  convenience. 
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Tributary  '*rtv*rs,  —  With  the* 
>  th#?  hf\t  .  ity  m  :h»  roawtry  to 
VMM      Tu*'rrt»?rr*  when  the 
•  k^Ki.ln*  was  dcpeniient  lprm 

In  r#?(pM*4  To  the  amount  '*f  lewa^c  to  be  [iHM  far, 
"  r  amount  #if  rainfall  turn  any 
7Mn  4  tflvrn  I  true 
The  it***  of  «e*ers  were  determined  rnmlr  by  the 
rainfall,  the  hou**boM  teivage  brm%  a  very  small  item  in 
Tb»  newrraite  wa»  in*  tailed  m  the  early  signer  Brooklyn 


ra 


8, —  Oitut  or  htLT  Basi*  at  Head  or  Cajcal 


rapidly.  Consequently  by  1888  the  severs  became  too  small,  and 
rh*_-  legislature  of  that  year  passed  an  act  permitting  the  discharge  of 
storm  water  sewers  into  the  Go  wan  us  Canal.  In  1892  a  15-foot  main 
relief  sewer,  which  intercepts  all  the  storm  water  in  the  mains  draining 
that  ]*>rtif>n  of  Brooklyn  lying  south  of  Greene  Avenue,  was  brought 
down  to  the  head  of  the  Gowanus  Canal,  at  Butler  Street  (Fig.  8), 
and  completed.  Nothing  but  storm  water  was  intended  to  enter  this 
relief  sewer,  but,  whether  by  accident  or  design,  it  h  now  flowing 
during  dry  weather  and  is  discharging  sewage  into  the  canal. 

In  addition,  the  following  storm  overflows  have  also  been  eon* 
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tructed  :  78-mch  overflow  from  Ncvins  Street  at  the  head  of  the  canal ; 
60-inch  overflew  from  Bond  Street  at  the  head  of  the  canal ;  42-inch 
storm  sewer  cm  Douglass  Street ;  90-inch  storm  sewer  on  Dcgraw  Street 
discharging  through  a  silt  basin ;  78-inch  overflow  from  Third  Avenue 
main  sewer  discharging  at  Second  Avenue ;  72-inch  overflow  from  Bond 
Street  main  sewer  discharging  at  foot  of  Bond  Street 

AH  of  these  sewers  bring  down  more  or  less  diluted  sewage  and 
street  washings  during  times  of  storm.  The  contents  nf  the  canal  are 
of  the  vilest  sort,  Practically  all  the  industrial  plants  on  the  streets 
adjoining  the  canal  discharge  directly  into  it.  The  following  sanitary 
newer*  empty  tnto  the  canal :  18-inch  sewer  on  Sarkett  Street ;  1 8-inch 
sewer  on  President  Street ;  1 2-inch  sewer  on  Carroll  Street ;  1 2-inch  sewer 
on  Ninth  Street ;  1 2-inch  sewer  on  Hamilton  Avenue ;  48-inch  sewer  on 
Grmneil  Street. 

With  the  above  exceptions,  the  streets  which  terminate  at  the  canal 
vc  been  left  unscwered.    The  reason  given  is  that  there  was  not 
"zzzul  grade  to  drain  the  sewers  into  the  mams  in  the  streets  running 
parallel  and  on  either  side  of  the  canal. 

Cnrrmt  and  Deposits. —  The  canal  is  always  filling  up  and  a  con- 
IHot  expenditure  of  money  is  required  for  dredging.  The  importance 
if  thb  (actor  U  shown  by  the  following  figures  on  the  cost  of  dredging 


taken  from  various  reports : 

167S    550  feet  west  and  500  feet  cast  of  Bond  Street  £2,500.00 

At  Third  Street  bridge   250.00 

1876  No  dredging* 

1877  Gowanus  Canal   325.00 

1878  Gowanus  Canal  at  various  bridges                 «  1,995.00 
Gowanus  Canal  at  Sackett  Street    1       .       .       •  13000 

1879  Gowanus  Canal  at  various  bridges  ,  1,995.00 
Gowanus  Canal  at  various  localities  .  513.00 

1880  Gowanus  Canal     .    1,01970 

1881-1884    No  records. 

1885    From  Douglass  Street  (7  feet  at  low  water)  to  Ham- 
ilton Avenue  (12  feet  at  luw  water)     .       .       .  16450.00 
1886-1893    No  records. 

1894  From  Butler  Street  to  Union  Street       .       .       .  2.980.00 

1895  Entire  length  and  width   7,527  00 

Soundings     .    3775 

1896  Dredging  Gowanus  Canal   99000 


F 
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UjM    Dredging  .  Jjuajt  oo 

Inspection   

Total  of  all  available  records    .  $42^93^20 

At  present  Ijstr^en  at  the  upper  end  of  the 
tide    The  depth  of  the  canal  is  now 

fireboaU, 

Th<?  mere  rise  and  fall  of  the  tide  have  apparently  do  pmtfjpag 
effort  whatever,  and  do  not  prevent  the  filling  up  of  the  canal  with  the 
heavier  portion*  of  ibe  sewage.    Only  after  heavy  rainstorms,  when 

rged  from  the  storm 


1  large  amount  of  water  is  discharj 
any  current  noticeable. 

Appearance  and  Odors.  —  The  surface  of  the 
covered  with  a  layer  of  oil,  coal  d  ult,  and  scum.  Gases  are  constantly 
»een  bubbling  up  through  the  water,  especially  at  the  upper  end  of  the 
canal  In  the  summer  time  the  munch  at  the  canal  is  unbearable,  and 
it  is  noticed  at  all  times  a  block  away.  On  certain  days  not  only  the 
immediate  locality,  but  also  large  sections  of  the  city  on  the  north,  west, 
and  east,  according  to  the  direction  of  the  wind,  are  seriously  affected, 
The  nertion  <>n  the  west  was  formerly  a  handsome  residence  district, 
hilt  in  part  owing  to  this  annoyance  property  has  steadily  declined  in 
value  in  the  past  twenty-five  years. 


Investigation  ok  the  Sanitary  Conditions 

This  investigation  was  undertaken  to  learn  as  much  as  practicable 
within  a  limited  time  regarding  the  character  of  the  water  now  filling 
the  (iowanus  C  anal  and  the  nature  of  the  pollution  now  entering  it. 

In  a  general  way  all  this  work  has  been  undertaken  to  answer  as 
clearly  as  possible  the  following  questions: 

1.  Are  all  the  odors  due  to  the  canal  or  are  they  due  to  manufac- 
turing plants  along  the  sides? 

2.  What  is  the  character  of  the  water  which  now  fills  the  canal? 
What  is  the  amount  of  organic  matter  present  and  the  amount  of 
oxygen  necessary  to  destroy  it  ?  Are  there  any  chemical  wastes  which 
inhibit  the  reduction  or  oxidation  of  putrescible  substances?  What  is 
the  amount  of  those  substances  which  appear  to  be  indifferent  to  chem- 


kal  changes,  but  which  sflt  up  the  canal  ?  How  does  the  canal  water 
compare  with  unpolluted  tea  water  ?  How  doe*  a  o  *npare  with  the 
water  in  that  part  of  the  harbor  adjoining  its  outlet  ? 

J.    What  is  the  character  of  the  entering  pollution  tram  the  facto- 
\  ?    Which  is  the  larger  factor  in  bringing  about  poUution,  industrial 
I  or  tewage  ? 

4-  Do  the  ebb  and  flow  of  the  tide  renew  the  water  tn  the  canal, 
or  d***  much  of  thi^  water  flow  back  and  forth? 

5  Is  the  water  continually  at  th  e  in  digesting  or  oxidizing  and 
capable  of  Rendering  innocuous  the  pollution  that  cumes  into  it  ? 

6.  What  is  the  proportion  of  sewage,  fresh  water,  and  salt  water 
tn  the  canal;  that  is,  what  is  the  sewage  density  or  the  quantity  of 
per  cubic  loot  of  water? 
7  What  quantity  of  East  River  water  would  be  required  to 
v.Mdte  sufficiently  the  daily  discharge  ?  What  quantity  will  be  required 
tn  flush  nut  the  present  contents  of  the  canal  if  dredging  is  first 
MB 

Cl*M 


to? 

This  rqx>rt  will  be  divided  into  five  parts : 
I.    The  sanitary  inspection 

ChemitiU  and  bacteriological  analyses,  with  their  inter 
Summary*  of  existing  conditions. 

Recommendations,  with  calculation  of  the  water  to  be  pumped. 
Summary  and  uinclusiiniv 


4- 
5 


Tn*  Sanitary  Iksj^ction 


A*  careful  an  inspection  as  the  tune  would  permit  was  made, 
attention  being  paid  to  (he  incoming  sewers  and  resulting 
The  canal  in  its  present  state  is  exceedingly  obnoxious, 
the  stench  even  in  I  be  winter  time  being  very  disagreeable  The 
water  is  black,  warm,  and  foul  No  fish  have  been  caught  in  the 
canal  lor  many  years  There  is  practically  no  current.  ITic  appear* 
ance  of  the  surface  and  bulwarks  is  disgusting,  especially  near  the 
xwer  outlet*. 

The  surface  of  the  canal  is  covered  with  scum  In  the  upper  por- 
tion (Fig.  9)  this  is  characteristic  of  domestic  sewage,  such  as  grease 
and  slime,  part ially  disintegrated  human  Ucces.  and  other  organic  matter. 
The  lower  portion  of  the  canal  from  the  Bond  Street  sewer  outlet  to 
Gowanus  Ray  is  covered  with  unsightly  patches  of  floating  rubbish 
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which  have  been  accumulated  by  the  action  of  the  tugboats,  wind,  and 
tide.  These  patches  consist  largely  of  brown  and  yellow  oily  sub- 
stances, which  spread  out  in  thick  layers  on  the  water  surface  and 
seem  to  gather  up  all  the  other  floating  d/&ris9  such  as  waste  paper, 
fecal  matter,  melon  rinds,  banana  skins,  kitchen  refuse,  tin  cans,  broken 
boxes,  coal  dust,  and  other  matter. 

The  water  throughout  the  canal  is  exceedingly  turbid,  especially  at 
the  upper  end.  The  turbidity  is  so  gTeat  that  the  water  is  of  a  light 
gray  color,     The  color  becomes  darker,  however,  and  the  turbidity 


Fig.  9, —  Vikw  Look i sc.  North  from  Union  Street  ttkior.K  Showing  Layer 

UF  SCUM   IN  THR  KoKRCS  ROUND 


cor 


less  as  the  outlet  is  neared.  In  no  place  in  the  canal  is  it  possible 
to  see  the  oar  blades  when  in  a  rowboat. 

Practically  all  the  plants  along  the  canal  discharge  directly  into  it, 
but  the  amount  of  sewage  from  these  is  small  when  compared  with  that 
contributed  by  the  city  sewers.  Not  only  is  the  discharge  of  the  sewers 
greater  than  that  of  the  factories,  but  its  amount  and  its  offensive  char- 
acter [ire  shown  h\  the  bad  •  onclition  of  that  part  of  the  canal  into  which 
it  discharges.  These  sewers  have  all  been  named  in  the  first  part  of 
this  report.  All  the  so-called  41  storm  sewers1'  in  dry  weather  discharge 
concentrated  sewage,  as  the  chemical  analyses  will  show.    The  chief 
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offender,  however,  is  the  1  $-(oot  relief  sewer  at  the  Head  of  the  canal. 


During  the  quieter  hours  of  the  day  the  depth  of  the  dry  weather  flow 
in  this  sewer  is  about  6  inches.  This  is  continually  bringing  down 
waste  {taper,  hair,  and  other  sewage  Muff.  White  scum  covers  the 
water  surface  in  front  of  its  outlet.  Slaughterhouses  drain  into  this 
sewer,  for  at  tiroes  large  quantities  of  blood  are  discharged.  On  wash 
day*  suds  are  in  abundance. 

A  large  silt  basin  was  provided  at  the  head  of  the  canal  to  settle 
out  the  solid  matter  and  detritus  carried  down  in  the  storm  sewers 
during  heavy  rains.  A  photograph  of  the  silt  basin  is  shown  in 
Fqjtirc  K  The  settling  basin,  however,  intercept!  only  the  coarse, 
heavy  material.  The  finer  material  passes  through  and  silts  up  the 
In  October  the  canal  was  dredged  fnrni  Union  Stt^ct  to  the 
aid  By  February  the  deposit  in  front  of  the  outlets  filled  up 
*S  lection  of  the  canal  to  approximately  5  feet  below  mean  low 
trr.  In  April  the  top  of  this  hank  was  only  about  3  feet  below* 
_^  conditions  are  such  that  at  low  tide  all  the  canal  boats  are  aground 
'  this  portion  of  the  canal. 

The  continuous  discharge  of  the  Bond  Street  sewer  was  easily 
detected  by  means  of  the  brown  and  yellow  oily  substance  already 
ufalfed  to.    This  sewer  has  two  36-inch  outlets. 

Among  the  more  conspicuous  of  the  private  sewers  are  those  of  the 
works,  which  continually  discharge  a  yellow-brown  liquor.  There 
ue  several  of  these  gas  plants.  Their  discharge  outlets  are  from 
8  inches  to  12  inches  in  diameter  and  discharge  full  It  is  to  this, 
doubtless,  that  the  tarry  incrustation  of  the  posts  and  bulwarks  of  the 
canal  b  due. 

Much  hot  water  is  discharged  into  the  canal.  In  cold  weather  this 
olu+c*  a  heavy  fog  to  hang  over  it.    The  large  amount  of  vapor  given 

and  the  constant  bubbling  up  of  gases  make  the  canal  look  boiling 
foe    In  February  the  temperature  of  the  water  was  65 0  F  at  the  head 

the  canal  This  gradually  became  higher  nn  going  down  the  canal, 
until  at  Carroll  Street,  where  a  large  power  plant  is  located,  it  became 
If*  From  here  to  the  First  Street  basin  the  tem|>erature  rapidly 
bcame  higher  until  90"  F.  was  reached.  On  going  down  the  canal 
thu  unm  tapped  again  to  700  F.  and  then  gradually  diminished,  until 
*  the  entrance  to  the  bay  it  became  44  0  F  In  April  the  temperatures 
*ot  a  little  higher,  but  varied  in  the  same  way 

The  scmt-iiquid  layer  of  sludge  at  the  bottom  requires  merely  a 
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slight  rise  of  temperature  to  cause  the  development  of  gases,  which 
bubble  up  in  practically  the  whole  length  of  the  canal.    At  the  h^ad 
end  the  bubbling  is  violent.    Black  solid  matter  arises  to  the  surface, 
and  discharging  its  burden  of  gas  again  disappears  from  view.  The 
hite  scum  at  the  head  end  is  blackened  and  the  smell  is  rank, 
coming  unbearable  when  the  water  is  stirred  up  by  the  tugboats, 
To  sum  up  :  The  canal  is  an  open  sewer,  or  rather,  in  its  present 
tate,  practically  a  septic  tank.    There  is  almost  no  current  and  the 
ude  appears  to  exert  no  flushing  effect  whatever.    Of  the  plants  along 
the  canal,  the  gas  works  are  doubtless  the  chief  offenders     The  trouble, 
however,  is  due  largely  to  the  discharge  from  the  city  sewers,  which 
discharging  into  a  body  of  quiet  water  cause  heavy  deposits  to  be 
formed.    The  canal  water  being  stagnant  and  devoid  of  oxygen,  the 
deposits  putrefy  and  are  the  seat  of  the  nuisance.    These  conclusions 
are  borne  out  by  the  chemical  and  bacteriological  analyses. 

Chemical  and  Bacteriological  Analyses 

Before  taking  up  the  regular  analytical  work,  it  was  thought  best 
to  ascertain  from  a  few  preliminary  samples  from  various  pGrtirins  of 
the  canal  the  character  of  the  water  to  be  analyzed, 

Two  of  these  samples,  one  taken  at  the  Union  Street  bridge  near 
the  head  of  the  canal,  and  the  other  at  the  Ninth  Street  bridge  near  the 
lower  end,  gave  interesting  results.  The  first  was  strongly  indicative 
of  sewage,  the  other  of  industrial  wastes.  Tests  were  made  for  acidity. 
The  first  was  found  to  be  neutral  to  litmus,  acid  to  phenolphthalein,  and 
alkaline  to  methyl  orange.  The  other,  although  neutral  to  litmus,  was 
acid  to  both  phenolphthalein  and  methyl  orange.  Both  were  decidedly 
turbid  and  had  much  matter  in  suspension.  The  behavior  on  evapora- 
tion on  the  steam  bath  and  on  ignition  also  deserves  attention.  The 
first  blackened  readily  on  ignition  and  gave  off  a  strong  sewage  odor. 
The  second  on  the  bath  gave  off  an  acetic  acid  odor;  on  ignition  the 
solid  matter  decrepitated,  and  the  odor  was  at  first  leathery,  then  like 
fertilizer,  and  finally  very  offensive.  The  substance  burned  with  great 
difficulty,  indicating  vegetable  carbon.  Both  samples  contained  a  large 
amount  of  chlorine  and  sulphates,  the  second,  however,  in  much  greater 
proportions  than  the  first. 

Pollution  by  the  gas  plants  was  particularly  evident,  both  from  the 
odor  of  the  water  and  from  the  color  and  behavior  of  the  precipitate 
formed  on  nesslerization.    This,  instead  of  being  of  the  reddish  color 
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of  ammonia,  was  a  heavy,  curdy  precipitate,  canary  yellow 
color,  the  traction  indicating  amines. 
It  was  decided  in  the  regular  series  of  analyses  to  make  the  follow- 
%t\   test*  chemically:  oxygen  consumed,  total  organic  nitrogen, 
ammontu  dissolved  oxygen,  turbidity,  and  chlorine.    From  ratios 
the**:  m\  in  sea  water  and  sewage  an  attempt  has  l>een  made  to 

the  degree  of  pollution  of  the  canal. 
Method  of  Taking  Samples.  —  In  obtaining  samples  care  was  taken 
ch^*se  representative  points  along  the  canal  and  to  guard  against 
cntad  or  abnormal  conditions.  The  samples  were  taken  from  a 
*  it  at  different  depth*  and  at  different  points  in  a  cross-section  of 
the  canal.  This  was  done  by  letting  up  and  down  a  large  bottle  with 
a  double  perforated  stopper  while  rowing  across  the  canal.  The  con- 
lent*  n|  the  buttle  were  then  emptied  into  a  pail  and  a  liter  bottle  was 
fillet!  fnrm  the  mixture.  This  method  gave  a  sample  which  was  fairly 
representative  of  the  cross-section  of  the  canal  from  which  it  was  taken. 

\  .  vn.n  ,i>  the  samples  for  the  entire  canal  were  obtained  they 
u.  :r  immediately  taken  to  the  Mount  lVosjiecl  Laboralory,  whkh  was 
within  twenty  minutes'  ride  from  the  canal. 

J/W/W/  of  Cktmual  ami  Physical  Analysis.  -  W  ith  the  exception 
o|  the  test  for  turbidity,  the  method*  of  rhemical  and  physical  analysis 
mere  those  recommended  by  the  Committee  on  Standard  Methods  of 
Water  Analysis.  The  oxygen  consumed  was  determined  by  the  five- 
minute -boil  method,  the  nitrogen  content  by  the  Kjeldahl  Process,  and 
the  free  ammonia  by  direct  nesslcri/,ation.  The  turbidity  was  deter- 
mmed  by  means  «(  the  Jackson  turbidimeter  The  observation  was 
made  by  pouring  the  sample  of  water  into  the  tul>e  until  the  image  of 
the  candle  dbuj^ reared  The  turbidity  was  then  read  from  a  gradua- 
tion on  the  side  of  the  tube.  ITiis  graduation  ux rescinded  to  the 
turbidity  produced  in  distilled  water  by  a  certain  number  of  parts  \kt 
million  of  silica  standard. 

J  A  thuds  tf  RaeUriafogicat  Analysis  The  media  used  for  this 
work  were  standard  media,  made  according  to  the  procedure  established 
In  the  C  ommittee  on  Standard  Methods  of  the  Amman  Tublic  Health 
,\wicwt>m,  The  determinations  were  made  for  total  count  per  cubic 
L-ter  by  plating  on  gelatin  at  20*  C  ,  U*l\  tem|*:rature  count  on 
lactose  aj;ar  at  370  C ,  and  tests  00  gas  production,  the  latter 
ing  the  only  tests  for  fi.  tali  considered  necessary.  In  plating  two 
luteins  QM  t«»  I  fooo  and  QQC  to  to.ooo,  respectively,  were  made. 

rmt  series  of  analyses,  use  was  made  of  the  method  of  direct 


ocuUtion  of  f  m  of  the  canal 
tube,  but  in  a  fecund  scries  this 
Jackson's  new  bile  media,1 

7>j//  for  Bacittut  coli.  —  In  the  fermentation  tubes  25  per  cent,  to 
jxr  tent,  gaii  wan  (onsKJcreti  muicamc  ui  idc  ct>x*i  di&ciijuk  ana 
record  was  made  li  the  other  tests  were  favorable,  Le^A 
^portion  ol  Co.4  f*.-ll  within  the  right  limit.  This  innk  was  from 
cent,  to  40  per  cent,  absorption  by  caustic 

First  Series  op  Analyses 


Ihssoivtd  Oxygen.  —  Examinations  of  be  water  for 
were  carried  on  simultaneously  with  the  sanitary  inspection.  About 
thirty  samples  were  taken  at  intervals  along  the  canal  from  the  head 
end  to  Hamilton  Avenue,  and,  with  the  few  following  exceptions,  nega- 
tive results  were  obtained.  Four  surface  samples  also  were  taken  from 
the  Ettt  River,  and  the  results  of  analysis  are  given  in  the  second 
t  tUr  below. 

Go*  anus  Canal 
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Place  of  collection. 

Buttermilk  Channel,  2(H)  fect  from  Brooklyn  side  . 

Mid-stream  opposite  (Jovernor's  Island  

Return  trij),  same  as  2  

Buttermilk  Channel,  75  feet  from  Brooklyn  side  . 


Temperature. 


1  For  description,  see  Biological  Studies  by  the  Pupils  of  Williatn  Thompson  Sedgwick, 
Boston,  1906,  pp.  292-299. 
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The  other  results  of  the  first  scries  are  shown  in  tabulated  form  in 
Table  L 

Analysis  of  tht  Sludgt.  —  Samples  of  the  sludge  which  appeared  to 
form  a  semi-liquid  layer  on  the  bottom  were  analyzed  for  total  solids, 
oaygen  consumed,  and  total  organic  nitrogen  Inasmuch  as  the  method 
of  taking  samples  was  crude  and  allowed  some  water  to  mix  with  the 
sludge,  the  density  was  changed.  The  results  are  therefore  expressed 
for  comparison. 


nitrogen. 

C  +  N: 
total  «]Jios. 
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1  1  u 

uo 

1  1  *5 

Kxperiments  were  made  on  the  temperature  necessary  to  develop 
from  tl  c  sludge.  Ten  c.c,  of  the  various  samples  were  diluted 
to  about  60  c.c.  and  placed  on  ice.  After  standing  on  the  ice  for  sev- 
eral hours,  all  the  foul  air  possible  was  exhausted  and  replaced  by  fresh 
air  The  bottles  were  then  set  back  into  the  ice  chest  and  allowed  to 
remain  there  over  night.  The  temperature  of  the  ice  chamber  was 
2e  C.  At  this  temperature  no  sewage  odor  was  noticeable.  The  sam- 
ple* were  then  allowed  to  stand  in  the  roomt  and  their  condition  was 
noted  from  time  to  time.  No.  1  l»ecame  offensive  at  12*  C. ;  Nos.  2,  3, 
and  4  at  12.50  to  1 30  C  Sample  No,  5  contained  a  quantity  of  tarry 
matter  and  required  a  temperature  of  140  C  to  become  offensive.  The 
►  were  then  slowly  warmed.  At  200  C.  the  odor  was  very  strong, 
t  J 3*  C  the  stench  became  vile  and  unbearable,  esjjeeially  in  the  first 
three  samples. 

A  sample  of  the  incrusthg  substance  on  the  bulwarks  was  also 
taken.  On  analysts  this  was  found  to  lie  a  tarry  waste  product  uf  the 
gas  works. 

Secono  Shrirs  ok  Analyses 


The  first  series  of  analyses  was  made  in  February,  1906,  The 
rmd  was  carried  out  in  April.    This  series  included  a  sample  of 
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sewage  taken  from  a  manhole  at  the  corner  of  Ncvins  and  Butler 
Street*,  and  fifteen  samples  taken  from  different  portions  of  the 
canal.  The  sample  from  the  manhole  was  taken  on  Saturday  morning, 
April  14.  The  depth  of  flow  in  the  sewer  was  6  inches.  The  sam- 
ple* from  the  canal  were  not  taken  until  Monday  morning,  April  t6. 
A  heavy  rain  fell  on  Saturday  night  and  Sunday  morning,  and  the 
canal  water  was  well  stirred  up. 

In  this  series  samples  were  analyzed  both  filtered  and  unfiltered,  and 
the  test  for  total  solids  was  added.  In  the  latter  the  sodium  chloride 
present  rapidly  took  on  moisture  from  the  air,  and  for  that  reason  the 
test*  for  total  and  dissolved  solids  are  rough  and  therefore  of  not  much 
importance  The  results  of  the  second  series  are  given  in  tabulated 
form  in  Table  II. 

Tests  for  putrcsctbility  of  the  sewage  and  the  degree  of  dilution 
necessary  were  made  by  the  methylene  blue  test.  This  was  done  by 
adding  I  CC  of  a  0,1  per  cent,  solution  of  methylene  blue  to  a  half 
ptnt  of  the  different  dilutions  of  the  sewage  with  Up  water.  These 
tests  showed  a  dilution  of  one  part  sewage  to  fifteen  parts  water  to 
be  necessary  for  a  stable  mixture. 


Iktrrprktation  of  the  Results 


Interpretation  of  Figures  Obtained.  —  The  tabulated  results  give 
evidence  of  the  amount  and  nature  of  the  pollution,  Tables,  however, 
sbtrw  more  when  they  are  represented  graphically.  Therefore  to  aid 
in  the  interpretation  the  results  obtained  haw  been  plotted.  The  con- 
struction of  the  diagrams  needs  no  explanation.  The  curve*  are  strik- 
ing ami  interesting,  With  the  exception  of  those  for  chlorine  and  total 
utd  dissolved  solids,  they  all  have  a  general  downward  tendency,  which 
the  effect  of  dilution  with  sea  water.  The  MUM  for  the  first 
are  much  smoother  than  those  for  the  second*  because  the  second 
*enr*  of  samples  was  taken  after  the  canal  had  been  stirred  up  by  a 
heavy  rainfall  It  will  be  interesting  to  examine  the  curves  and  to 
account  for  the  variations  which  occur. 

Total  Organic  Nitrogen. —  In  the  first  series  (Fig.  to)  this  curve 
WU  ni pull y  until  Rmd  Street  is  reached.  Here  it  a^ain  rises,  reaching 
a  maximum  opposite  the  Tartar  Chemical  Company. 

In  the  second  series  (Fig    \2)  there  is  a  general  decrease.  The 
drops  rapidly  at  the  entrance  to  the  Kirst  Street  basin.    This  is 
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due  tn  the  Urge  amount  of  clean  water  discharged  from  the  power  house. 
At  Third  Street  the  curve  rises  to  what  would  be  a  |>oint  on  the  normal 
dilution  curve.  Opposite  the  Fifth  Street  basin  there  is  a  rapid  rise, 
which  is  due  to  a  stirring  up  of  the  water  at  that  point  by  tugs  at  the 
ttme  that  the  sample  was  taken.    The  curve  then  again  drops  rapidly, 


F10.  10 

not  to  what  would  he  a  |x>int  *m  the  normal  dilution  curve.  The 
Bund  Street  tewer  enters  here.  There  is  then  a  gradual  drop  until 
we  arrive  at  the  Tartar  Chemical  Company,  whetv  there  is  a  sudden 
morale.  Above  Hamilton  Avenue  bridge  theic  is  another  quick  drop 
A  glance  at  some  of  the  other  curves  *h«>ws  that  this  drop  is  gen* 
On  the  other  side  of  the  bridge,  however,  the  curve  rises  again. 


Fig.  ii 


Oxygen  Cons u mcil.  —  In  the  first  series  (Fig.  10)  this  curve  falls 
off  rapidly  until  after  ttond  Street  is  passed.  Opposite  the  Fifth  Street 
basin  there  is  an  increase,  probably  due  to  coal  dust.  The  most  conspic- 
uous part  of  the  curve,  however,  is  the  steady  and  rapid  increase  after 
the  starch  factory  at  Ninth  Street  is  passed. 
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In  the  second  series  (Hg*  13)  there  is  an  increase  at  the  s 
with  a  quick  rise  at  Carroll  Street ,  A  glance  at  the  turbidity  curve 
will  »h«*w  that  this  rise  is  due  to  the  water  having  been  stirred  up. 
There  is  a  quick  drop  at  the  First  Street  basin  and  a  quick  rise  again 
at  Third  Street     The  turbidity  also  is  high  at  this  point.    The  appar- 


FlG,  u 

drop  at  the  Fifth  Street  basin  was  unexpected,  since  the  nitrogen 
high  at  that  paint,    A  further  study  of  the  diagram*,  however,  will 
that  the  oxygen  consumed  is  also  absolutely  very  high. 
After  passing  Bond  Street  the  curve  hits  a  downward  tendency, 
with  only  a  alight  rise  beyond  Ninth  Street     This  is  significant.  The 
taken  on  a  Monday  morning,  and  there  wan  no  pollution 


by       mm       factory.    Most  of  the  material  which  had 
rged  on  Saturday  night  was  flushed  out  by  the  heavy  flow  of 
ter  on  Saturday  night  and  Sunday. 

The  same  drop  just  above  the  Hamilton  Avenue  bridge 


mentioned  in  the  discussion  of  the  organic  nitrogen  curve  is  conspicuous 
here.  Below  Hamilton  Avenue  the  curve  rises  again  and  then  decreases 
gradually. 

Turbidity. —  In  both  series  of  analyses  (Figs.  10  and  13)  this  curve 
seems  to  vary  with  the  dilution  and  shows  that  sedimentation  has  taken 
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place  all  the  way  down,  being  interrupted  occasionally  by  the  stirring 
iip  of  the  water.  The  curves  for  turbidity  are  strikingly  similar  to 
th«*%c  for  organic  nitrogen  and  for  oxygen  consumed. 

The  remaining  curves  simply  reenforcc  points  brought  out  in  the 


i 

§ 

i 


Fia  it 


curve*  already  discussed  and  require  no  especial  explanation.    We  are, 
therefore,  ready  to  consider  the  various  curves  simultaneously.  Sample 
No.  1  shows  at  once  that  we  have  much  accumulated  solid  matter  which 
atly  stirred  up.    The  nitrogen  is  very  high.    This  means  that 
t*  an  additional  supply  of  organic  matter  there,  which,  being  con- 
tly  stirred  up,  keeps  in  circulation,  but  i*  never  carried  out  This 


the  way  dawn  the  tanaL    The  tbet  *Jz&  ae 

a  i  final  —  twice  what  it  ou^ht  to  be  — ihpw*  a  aatfnK 

mi     ,      the  *cwage»    In  the  fim  five  umpire  At  mm 
cm  nitrogen  t'<  total  nitrogen  gives  good  evidence  of  jepoc  ~ 
organic  nitrogen  it  converted  into  free  amn?>m  these  are 

not  it  cable:  the  ratio  of  free  ammonia  to  total  organic 
he  ratio  of  oxygen  c*m*umed  lb  total  or^tnkr  uit»y 
er,    Both  carbon  and  nitrogen  arc  going  down*  but  the  nitropa 
i  down  mm  h  fatter, 

Knnn  a  bi(  t- biological  standpoint,  the  low  count  at  body  temperature 
c  ompared  with  the  high  total  emmr  m  water  from  the  bead  of  tie 

canttl  hi  "  -.in,;;.    It  taflettfii  th? 

comtooratei  ihc  evidence  memkmc 

The  total  number  ol  bacteria  i  *  very  rapidly  oo  gong  down 
the  (llflilj  lewhing  ttl  the  first  series  of  malvses  (Fig,  Il)a  mimman 
opposite  thfi  Mr  hi  Stmt  baaim  In  ll  second  series  (Rjg.  14)  tbb 
minimum  ll  not  reached  until  the  Seventh  Street  basin  is  reacted, 
dhowlnjt  the  Ihmhlng  effect  of  the  si  m  water,  A  glance  at  the 
<  ui  v<n  fin  .  bttirlne  fhiiwe  thnt  this  ra]  lecrcaac  in  the  total  bactena 
count  in        ttJ  dilution, 

Hdow  the  Flrat  Street  basin  the  number  of  bacteria  does  not 
tin  iiMM'  m.ih'i  i.illv,  thus  substantiating  the  evidence  that  most  of  the 
I •< »| 1 1 1 1  m •  1 1  below  this  point  is  duo  to  industrial  wastes. 

I  h<  « Iin<  Ii.m ;m-  o|  the  I'ond  Street  sewer  seems  to  increase  the 
iis\r,ni  HiiiMiHicil,  hut  n«»t  the  nitrogen.  The  bacteria  go  down,  and 
diet  M'w.iir  mviiis  t«>  l)e  an  antiseptic,  non-nitrogenous  substance,  in 
app«  .11  am  e  u,uite  similar  to  gas  plant  wastes. 

/,if,t,tl  /•'(/\///v.  In  the  lirst  series,  to  ascertain  how  the  water  in 
tin-  I »a sins  (  onij ian  <|  with  that  in  the  main  part  of  the  canal,  a  sample 
was  l . t k <  1 1  1 1  «»m  one  <>l  these.  This  is  represented  in  the  curve  (Fig.  10) 
b\  (loiinl  hues,  The  lesult  is  significant.  A  glance  at  the  curves  shows 
that  Inr  ammonia,  nxvgen  consumed,  total  organic  nitrogen,  turbidity, 
and  the  total  ba«  leria  count  are  higher  than  in  the  adjacent  portion  of 
the  main  t  anal,  while  tin*  chlorine  and  the  body  temperature  count  are 
lower.  This  is  characteristic  ol  a  dead  end.  The  depression  in  the 
chlorine  curve  shows  that  the  tide  exerts  no  flushing  effect,  and  the  low 
body  temperature  count  shows  that  the  water  in  the  basin  is  stagnant. 

WiriatioHS  bvtuuun  the  Two  Scries. — The  first  series  of  analyses 
was  carried  on  at  a  time  when  there  was  no  rain.    The  second  series 
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after  the  run  off  from  a  heavy  rainfall  had  stirred 
the  contents  of  the  canal.    On  comparing  (he  two  acts  of  curve*, 
he-  leader  will  see  that  in  general  they  truss  oae  another  several  times, 
that  the  nines  of  the  second  series  are  very*  ragged,  plainly  giving  evi- 
dence of  a  general  stirring  up.    At  the  uppermost  point  ot  the  canal, 
however,  the  second  series  shows  less  pollution  than  I  he  first,  The 
.es  s**m  cross,  however,  and  in  general  the  first  scries  of  t  urves  is 
than  the  second.    This  is  due  to  the  large  volume  of  storm  water 
kh  had  pushed  the  sewage  at  the  head  end  farther;  down.  The 
USty  curve  for  the  second  series  m  entirely  above  that  for  the  first 

fhffttrmr  in  Cnanufrr  of  PoUntum  in  Various  Parts  of  thr  Canal.  — 
The  upper  jxirt  of  the  canal  is  badly  polluted  by  sewage.  At  the  lower 
cod  the  pollution  is  largely  industrial  wastes  mixed  with  more  or  lens 
sewage. 

As  a  rule,  the  amount  of  nitrogen  present  varies  directly  with  the 
amount  of  sewage.     The  other  constituents  of  sewage  vary  with 
nitrogen.     Therefore  when  the  nitrogen  is  greatly  increased  with* 
t  a  corresponding  increase  in  the  other  sewage  substances  it  is  an 
Sirjtion  o(  industrial  wastes.    This  is  exactly  what  happens  in  that 
ion  of  the  canal  opposite  the  Tartar  Chemical  Company,    On  talk- 
wit  h  one  of  their  employees;  we  learned  that  crude  argol  is  digested 
h  sulphuric  acid,  and  that  the  waste  product  is  an  acid  sludge 
ir  ^  high  in  sulphates  and  nitrogen. 

In  the  hr*t  series,  below  Ninth  Street  the  oxygen  consumed  t  une 
writ  up  rapidly,  hi  the  second  scries  the  curve  had  a  downward 
tendency.  The  starch  factory,  not  running  on  Sunday,  had  no  murtQ 
to  discharge  at  that  time.  The  abnormal  values  (or  the  oxygen  con* 
sunud  are  prohabtv  due  to  gluten  jn  the  wastes  discharged  by  the 
nh  factory. 

Another  interesting  point,  characteristic  of  both  series  of  curves,  is 
nudden  dmp  in  most  of  the  curves  just  above  Hamilton  Avenue, 
t  is  significant  that  not  onl\  the  organic  nitrogen,  oxygen  consumed, 
lit\,  and  total  solids,  but  the  bacteria  also  g<»  down.    This  lurks 
tation.     The  curves  lor  ammonia  and  chlorine,  on  the  other 
H  aBjghl  increase     Immediately  alxne  this  point  ia  a  cuat 
gas  plant,  whiih  evidently  uses  lime  to  recover  it^  ammonia     The  waste 
irotn  the  Tartar  C  hemical  Company,  which  is  carried  along  by  the  tide, 
o*ne*  into  contact  with  the  ga*  plant  waste,  ami  calcium  sulphate  is 


probably  precipe  ed,  carrying  down  with  it  nearly  all  the  other  sus- 
pended matter. 

The  rapid  decrease  in  bacteria  below  Bond  Street  gives  evidence  of 
:iseptic  action,    A  glance  at  the  diagrams  will  show  that,  although 
nitrogen  and  carbon  go  up  at  that  point,  the  ammonia  remains 

same,  and  the  bacteria  count  goes  down  and  stays  down.  The 
^  that  the  ratio  of  carbon  to  nitrogen  is  greatly  increased  shows  t 
:  pollution  from  the  Bond  Street  sewer  is  largely  of  a 


iture. 


;d  shows  t 


Although  taken  at  different  times,  and  thus  representing  different 
conditions,  there  is  no  essential  difference  in  the  results  obtained 
from  the  two  series.  The  second  series  simply  reenforces  the  first 
and  j  ustines  drawing  the  following  conclusions : 

The  canal  is  highly  polluted  with  house  drainage  and  industrial 
wastes.  The  city  sewers  are  the  chief  source  of  the  trouble.  The 
organic  animal  matters  contained  in  the  sewage  are  more  easily  sus- 
ceptible to  putrefactive  influences  than  is  the  vegetable  matter  in  the 
industrial  wastes.  The  tide  exerts  very  little  flushing  effect  in  the  main 
body  of  the  canal,  and  practically  none  whatever  in  the  dead  ends  or 


Summary  of  Existing  Conditions 


The  table  below  will  show  the  immense  pollution  of  the  canal.  The 
figures  for  sea  water  were  taken  from  the  Report  of  the  Committee  on 
the  Charles  River  Dam.  The  figures  for  Boston  tap  were  taken  from 
the  Massachusetts  Board  of  Health  Report  for  1904.  Those  for  harbor 
water  are  the  average  of  the  accompanying  table,  compiled  from  analyses 
made  by  Dr.  Jackson  for  the  New  York  Bay  Pollution  Commission. 


Sample. 

Free  NH,. 

Organic  nitrogen. 

Oxygen  consumed. 

24.0 

50.1 

86.4 

0.012 

0.16 

0.015 

0.29 

w 

0.534 

1.28 

•• 

The  figures  speak  for  themselves.  The  pollution  of  the  canal  is 
almost  fifty  times  that  of  the  harbor. 
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Absolute  ,  jwf  Compared  with  Sitwge.  —  Below  is  given  a  ubk 
comparing  the  canal  water  with  several  well-known  sewages. 
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From  the  above  table  it  is  evident  that  the  water  at  the  head  of 
the  C&nal  is  about  two-thirds  as  strong  as  Brooklyn  sewage.  It  is 
more  than  twice  as  strong  as  Boston  sewage;  its  strength  is  three 
times  that  of  Lawrence  sewage  and  about  equal  to  that  of  Andover, 
which  is  one  of  the  strongest  in  Massachusetts. 

The  sample  taken  opposite  the  Fifth  Street  basin  corresponds  to 
the  strongest  Lawrence  sewage  in  1904,  and  to  the  average  Andover 
sewage  for  1902. 

At  Hamilton  Avenue  the  water  contains  about  one-tenth  of  Brooklyn 
sewage,  and  is  about  one-half  the  strength  of  the  minimum  Lawrence 
sewage  in  1904. 

Recommendations,  with  Calculation  of  the  Amount  of  Water 

to  be  Pumped 

Recommendations.  —  The  Gowanus  Canal  is  in  a  very  poor  sanitary 
condition,  and  measures  should  be  taken  to  abate  this  nuisance  as  soon 
as  possible.  In  the  study  from  which  this  abstract  is  taken,  the  methods 
of  dealing  with  this  problem  came  under  two  heads,  those  which  involve 
some  method  of  flushing  the  canal  and  those  involving  a  sewerage  sys- 
tem for  the  locality.    These  were  taken  up  and  considered  in  detail  by 
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e  writer  s  colleague  in  the  investigation  —  Mr.  Norman  P.  Gerhard, 
ow  assistant  engineer,  Board  of  Water  Supply,  City  of  New  York. 
It  is  not  the  purpose  of  this  abstract  to  suggest  a  remedy,  since 
the  problem  has  already  received  the  attention  of  the  engineers  of  the 
Borough  of  Brooklyn  and  a  flushing  tunnel  from  the  East  River  to 
the  head  of  the  Gowanus  Canal  is  now  under  construction.  The  writer 
will  therefore  confine  himself,  as  he  did  in  the  original  thesis,  to  a  cat* 
dilation  of  the  amount  of  water  to  be  pumped  under  various  methyls 
of  flushing  the  canal. 

1  u<  ulahnns  were  made  in  two  rases.  In  the  first  it  was  assumed 
that  flushing  alone  would  be  considered  and  enough  water  pumped  in 
to  render  the  sewage  matter  innocuous  and  to  create  a  current  strong 
enough  to  prevent  it  from  settling  out.  In  the  second  case  it  was 
assumed  that  intercepting  sewers  would  Ik:  built  and  the  district  sew- 
ered, enough  water  being  pumped  to  cleanse  the  canal  in  a  reasonable 
length  of  time,  and  thereafter  create  a  smalt  current  sufficient  to  prevent 
it  from  becoming  stagnant. 

Both  methods  require  that  the  present  sludge  deposits  should  he 
removed  by  dredging,  A  tremendous  quantity  of  water  would  be  re- 
quired to  give  sufficient  scouring  velocity  to  remove  the  sludge.  Kven 
so,  the  present  nuisance  at  the  head  of  the  Gowanus  Canal  would  only 
be  transferred  to  its  branch  dead  ends  and  into  Gowanus  Bay.  The 
power  of  New  York  Harbor  to  dispose  of  the  sewage  that  tomes  into 
it  is  already  being  questioned.  The  Harbor  Pollution  Commission  found 
that  the  tide  has  little  effect  in  eliminating  the  pollution  of  the  bay, 
and  that  the  water  seems  incapable  of  renewing  its  supply  of  oxygen. 
It  i&  evident  then  that  it  would  be  unwise  to  pollute  the  harbor  si  ill 
more  by  flushing  into  it  the  sludge  which  has  accumulated  in  the 
Gowanus  Canal 

Calculation  of  the  Amount  of  J  l  ater  to  be  /Wf/W,  —  We  have, 
herefore,  to  consider  for  calculation  two  possibilities,  the  daily  dilution 
i  the  total  amount  of  sewage  discharged  into  the  Gowanus  Canal,  and 
he  remedying  of  its  present  unsanitary  condition  in  case  an  intercepting 
sewer  should  be  built.  The  objei-t  «»i  these  t  ab  ulations  is  to  compute 
the  required  dilution  from  figures  obtained  by  chemical  analyses.  Before 
proceeding  with  these  calculations  it  is  necessary,  however,  to  determine 
first  the  proportion  of  sewage  at  present  in  the  canal. 

Srwagt  Density.  — This  may  be  defined  as  the  proportion  of  *ewage 
per  unit  volume.    The  canal  water  can  be  considered  as  a  mixture  of 


three  separate       lids:  sewage,  terrestrial         surface  +  ground)  water, 
and  harbor  water,    The  object  of  these  calculations  is  to  obtain  abso- 
lute  values  for  each  of  these  three.    In  making  these  calculations,  use 
has  been  made  of  the  usual  method  of  determining  by  the  chlorine 
cnt  in  a  mixture  of  two  such  liquids  the  proportion  of  each.  This 
s  two  independent  equations.    A  third  equation  was  obtained  by 
cans  of  the  nitrogen  values.    The  method  of  attack  was  as  follows: 
Consider  a  section  in  the  canal  of  unit  dimensions.  Let 

x  ~  portion  of  sewage ; 
f  =  portion  of  terrestrial  water  \ 
s  =  portion  of  harbor  water ; 
C  =  total  chlorii 
H  —  total  nitrogen  \ 
r !  =  chlorine  in  sewage ; 
ra  ~  chlorine  in  terrestrial  water ; 
rs  —  chlorine  in  harbor  water ; 
nx  ~  nitrogen  in  sewage; 
n2  =  nitrogen  in  terrestrial  water ; 
n%  =  nitrogen  in  harbor  water, 

We  then  have  the  equations : 

x+jr  +  s=l.  (i) 

**i  +  yci  +       =  C.  (2) 

xnx  +  j>n2  +  ™s  =  M  (3) 

To  solve  we  must  find  or  assume  values  for  the  constants.  The 
pollution  of  the  canal  is  so  great  that  the  amount  of  nitrogen  in  ter- 
restrial water  when  compared  with  it  is  practically  zero.  Considering 
the  proximity  to  the  sea,  we  may  assume  io  as  an  average  value  of  the 
chlorine  content  of  this  water. 

From  the  table  given  above,  showing  the  analyses  made  by  Dr.  Jack- 
son for  the  New  York  Bay  Pollution  Commission,  it  appears  that  average 
figures  for  the  nitrogen  and  chlorine  content  of  harbor  water  may  be 
assumed  at  I  and  8,6oo,  respectively. 

Considering  the  particular  problem  on  hand,  we  therefore  have  the 
following  constants : 

cx  =  230;  c2  =  10;  cs  =  8,600; 


*\  =  io7;  "2  =  o;  //8  =  1. 
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Substituting  these  values  in  the  above  equations  the  two  following 
tables  showing  the  proportion  of  sewage,  terrestrial  water,  and  harbor 
water  at  different  sections  in  the  canal,  have  been  computed : 
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Quantity  of  Ifyttttf*  to  bt  Pumped. — One 

pje  (ft  lu t ion  required  to  make  sewage  inoffensive  is  that 

ting  water  shall  have  a  sufficient  supply  of  free  oxygen.  The 
*nt»  made  on  Brooklyn  sewage  for  putrescibility  showed  the 
t  of  !  :  is  to  be  necessary. 

\  sewage  discharged  into  the  canal  daily  is  estimated  to  be 
X3  cubic  feet.    The  amount  of  water,  therefore,  to  make  this 
aous  is  793,000  X  15  =  '  1,895,000  cubic  feet  per  day.  Allowing 
tor  of  safety  of  2,  there  would  be  required  23,800,000  cubic  feet 
ct  day. 

Supposing  no  sewage  is  allowed  to  enter  the  canal  and  its  contents 
,ov  10  bC  flushed  out  in  thirty  days,  can  calculate  the  necessary 
quantity  of  water  as  follows : 

The  average  sewage  density  of  the  c  ial,  as  computed  in  the  above 

™      f  io,QO  000  (0.25)  (15) 

tables,   fe  0,25.     Therefore  x  =  — — -  - —  \  ^  =  1,250,000 

30 

cubic  feet  per  day. 

The  amount  of  water  to  be  pumped  wi  *  also  calculated  by  a  methfd 
based  on  the  amount  of  oxygen  available  om  East  River  water  and  the 
average  amount  of  oxygen  consumed  by  rater  in  the  canal.  Although 
there  is  no  evidence  that  sewage  requires  oxygen  equivalent  to  its  oxy- 
gen consumed  value  to  oxidize  it  under  natural  conditions,  this  calcula- 
tion is  interesting  in  that  the  two  methods  of  calculation  used  gave 
practically  the  same  result.  For  this  reason  the  writer  thought  this 
calculation  from  chemical  data  might  be  of  general  interest,  and  has 
included  it  in  this  report. 

This  calculation  was  based  on  the  assumption  that  the  volume  of 
the  canal  water  and  the  amount  of  oxygen  consumed  by  it  bears  some 
relation  to  the  amount  of  water  to  be  pumped  and  the  free  or  dissolved 
oxygen  in  it.    We  can  express  this  relation  algebraically  as 

xOd  =  KS0C 

where  x  —  quantity  of  East  River  water  to  be  pumped  in  cubic  feet 
per  day. 

0d  =  amount  of  dissolved  oxygen  in  parts  per  million  in  the  water 
to  be  pumped. 

5  =  amount  of  sewage  to  be  oxidized  in  cubic  feet  per  day. 
0C  =  oxygen  consumed  by  5  in  parts  per  million. 
K  =  ratio  of  amount  of  dissolved  oxygen  in  flushing  water  to 
amount  required  to  oxidize  the  organic  matter. 
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1 

tntc 


If  Ot  ts  all  to  be  used  up.  A'  becomes  unity,  and  the  quantity  tr>  be 

h  appears  from  analyses  made  of  East  River  that  75  ex.  per  liter  is 
a  fair  average  value  for  f V 

Weight  of  liter     O  —  1 .429  grams. 
Weight  of  1,0  ex.  O  =  0.00143  gram. 
Weight  of  7  $  ex.  O  =  0.0107  gram. 

SO 

Therefore  O4  —  10.7  parts  per  million  and  x  =  *q 

Wc  will  compute  first  the  amount  of  water  needed  to  render  innocu- 
the  sewage  discharged  into  the  canal.    The  total  sewage  discharged 
to  the  canal  was  estimated  at  793,000  cubic  feet  per  day.    0f  =  165 

parts  per  million-  Therefore  x  =  ~ 3,000  X_l6*  =  12,200,000  cubic 
r       1  ro.7 

feet  per  day, 

If  we  allow  a  factor  of  safety  of  2  to  cover  future  increase  of  sewage 
flow,  x  would  equal  1 2,200,000  X  2  =  24,400,000  cubic  feet  per  day. 

The  amount  of  water  needed  for  flushing  the  canal,  supposing  no 
more  sewage  is  allowed  to  enter  and  thirty  days  are  allowed  for  flushing, 
was  computed  as  follows.    The  volume  of  the  canal  water  is  10,000*000 

cubic  feet   S  in  our  formula  would  then  be  1°,°^><~-  =  333*  33°  cubic 

per  day.    The  average  value  for  0t  is  46. 1  Then 

x  =  333*"p  *        =  l*44C,ooo  cubic  feet  per  day. 

Summing  up  these  calculations,  it  appears  that  if  sewage  is  allowed 
continue  discharging  into  the  canal  perhaps  25,000,000  cubic  feet  of 
water  will  have  to  be  pumped  daily  to  dilute  the  canal  water  sufficient ly 
to  render  it  innocuous.    If  the  district  is  to  be  sewered,  1,500,000  cubic 
feet  per  day  will  be  necessary. 


Summary  and  Conclusions 


The  Gowanus  Canal  in  its  present  condition  is  unsanitary  and  a 
:rr*  Sewage  enters  the  canal  and  stays  there  The  heavier 
particles  settle  out  at  once,  forming  banks  in  (runt  of  the  outlets  of 
the  MTwerm.  The  %ht,  flocculcnt  matter  moves  up  and  down  with  the 
tide  and  is  gradually  deposited,  silting  up  all  portions  of  the  canal 


ievojo  ot  oxygen,  inis 
Inasmuen  aa  the  temperature  of  65*  to  700  F.  is 
the  sludge  Co  give  off  putrid  gases  and  the  avenge 
t  cif  the  atrial  even  in  the  winter  tune  is  about  700  R,  it  is  easilj 

1  proceeding  to  summarize  the  results  from  the  special  point  of 
r  of  this  investigation,  an  attempt  will  be  made  to  answer  the 
estions  raised  in  the  first  portion  of  this  port  of  this  report. 
The  odors  of  the  factories  are  distinct  from  those  of  the  canal 
and  are  not  offensive.    The  bad  smells  are  due  to  the  putrefaction  of 
nitrogenous  matter  in  the  sewage  and  ^udge. 

harbor  water    At  the  >f  the  canal  the  water  is  0.65 

0,34  terrestrial  water,  and  <X«.  harbor  water.  At  Hamilton 
it  is  o.  ro  sewage,  0.20  terresti  water,  and  0.70  harbor  water* 
The  average  sewage  density  of  die  whole  canal  is  c:;.  Br  K ;  r 
sewage  is  much  stronger  than  Massachusetts  sewages.  The  water  at 
the  head  of  the  canal  is  slightly  stronget  ban  Andover  sewage,  and  the 
average  value  of  the  whole  canal  cones  mtls  very  nicely  to  Lawrence 
sewage. 

The  amount  of  organic  matter  present  is  very  large,  and  to  destroy 
it  would  require  an  amount  of  oxygen  equivalent  to  that  contained  in 

10,000,000   X    O.Ji    X     165  ,  •        r  r     ,  , 

 —  =   =  say  to  45,000,000  cubic  feet  of  harbor 

water,  which  is  about  75  per  cent,  saturated.  The  amount  of  putres- 
cible  substances  present  is  large,  and  their  oxidation  is  probably  inhibited 
by  antiseptic  wastes  contributed  by  the  Bond  Street  sewer.  The  storm 
sewers  bring  down  much  matter  which  is  indifferent  to  chemical  change 
and  which,  silting  up  the  canal,  makes  constant  dredging  necessary. 
The  average  of  analyses  on  the  sludge  shows  the  amount  of  this  to 
be  about  twice  that  of  the  organic  matter  present. 

The  pollution  due  to  the  factories  is  largely  vegetable  carbonaceous 
and  nitrogenous  organic  matter.  The  Tartar  Chemical  Company  and 
the  starch  tactoi  v  contribute  most  of  this.  The  amount  of  this  waste, 
however,  is  small  when  compared  to  that  contributed  by  the  city  sewers. 

The  canal  water  is  about  fifty  times  as  much  polluted  as  that  in  the 
part  of  the  hatbor  adjoining  its  outlet ;  the  ebb  and  flow  of  the  tide  do 
comparatively  little  toward  renewing  the  water  in  the  canal,  the  water 
in  the  latter  practically  sun  ply  surging  back  and  forth. 
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The  water  required  lor  pumping  after  dredging  has  taken  place 
Is  upon  the  method  used.  The  amount  required  to  render  innoc- 
uous the  sewage  which  is  discharged  into  the  canal  and  to  provide  (or 
ire  increase  is  perhaps  25,000,000  cubic  feet  |*rr  day.  To  flush 
out  the  present  contents  in  thirty  days  1.500,000  cubic  feet  of  East 
Rucr  water  would  be  required  daily.  Therefore  if  Hushing  alone  were 
moitad  to  25,000,000  cubic  feet  per  day  are  necessary.  If  the  dis- 
tmt  t*  first  sewered  and  the  canaJ  then  flushed  1,500,000  cubic  fect 
would  t>e  required  daily. 
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INTRODUCTION 


By  W.  T.  SEDGWICK.  Director, 


"sanitary  R**r.mh  1  a1«.iMii»r\  .uh!  Vw^gr  \\\}t  nuum 
St  at  w  in.  M.i*uchu*rtU  Institute  of  Technology. 
Huston. 

The  present  volume  is  the  sixth  in  the  scries  of  re- 
print n  of  essential!)  titular  character,  namely  of  re- 
*\m  hes  and  addresses  touching  various  aspects  of  Sanitary 
Science  and  the  Public  Health,  as  these  subjec  ts  have 
been  treated  during  the  last  year  or  two  by  those  con* 
necu<d  with  the  Sanitary  Research  Laboratory  and  Sewage 
Experiment  Station  of  a  great  American  School  of  Science 
ami  Technology,  bike  the  volumes  of  the  same  series 
which  haw  preceded  it,  this  one  also  ow  s  its  existence  to 
the  unflagging  interest  and  unstinted  co-operation  of  an 
monwm»ti-  friend  «»t  the  Institute  who,  '  fedSOg  kttftf) 
the  incongruity  of  a  twentieth  century  civilization  which, 
rightly  WOMghi  l>oasts  of  achievements  in  mechanical, 
industrial  and  other  sciences,  vet  regards  human  life  >«> 
carelessly  as  to  go  on  polluting  rivers  and  harbors  with  \asi 
tnd  ever  increasing  streams  of  putrefying  sewage/'  is  de- 
termined to  do  whatever  can  t>e  done  o.  bring  about  a 
change  for  the  Utter  Our  first  and  most  agreeable  duty 
t*  to  return  thanks,  as  we  hereby  do.  to  this-  Donor,  not 

•  mis  for  continued  financial  support  but  also  for  friendly 

•  nti*i>m  and  unfailing  inspiration. 

Krom  the  Very  l>eginning  of  our  work  Professor 
t  hath--  Kduard  Amors  Win  slow  has  occupied  the  re 
sponsible  and  often  trying  (position  of  liiologistHn-t'harge 
of  it  This  responsibility  he  has  now  laid  down  for  another 
and  larger  field  of  Ial>or,  A  review  of  the  entire  scries  of 
reprinted  papers  now  comprising  six  volume*  will  prove 
perhaps  U  tt  -r  than  an\ thing  c|m-  the  exti  nt  of  his  influence 


and  the  scope  of  his  researches.  The  larger  part  of  what- 
ever influence  and  success  have  been  achieved  by  our  San- 
itary Research  Laboratory  and  Sewage  Experiment  Station 
belongs  to  Professor  Winslow;  and  to  him  the  thanks  not 
only  of  the  Director  but  of  all  who  have  been  associated 
with  him  in  a  work  which  he  has  so  successfully  prosecuted 
are  hereby  gratefully  tendered. 

Professor  E.  B.  Phelps  continue*  to  occupy  with  us  the 
9&me  important  position  as  heretofore,  namely,  that  of 
Research  Chemist  and  Bacteriologist,  and  the  Staff  of  the 
Laboratory  and  Station  have  been  strengthened  by  the 
addition  as  Research  Associate  of  Mr.  George  T.  Palmer, 
upon  whom  much  of  the  responsibility  for  the  actual  con- 
duct of  our  investigations  now  falls;  of  Professor  S.  C. 
Prescott,  to  whom  we  are  glad  to  be  at  liberty  to  turn  for 
advice  and  suggestions;  and  of  Mr.  Selskar  M.  Gunn,  re- 
cently appointed  Instructor  in  Sanitary  Biology  at  the 
Institute  after  an  extensive  experience  as  Assistant  Bacte- 
riologist to  the  State  Board  of  Health  of  Iowa,  and,  later, 
Health  Officer  of  the  City  of  Orange,  N.J. 

Until  very  recently  the  problems  connected  with  the 
sanitary  disposal  of  ordinary  city  sewage  have  been  deemed 
of  so  much  importance  that  the  principal  energy  and  re- 
sources of  our  Experiment  Station  have  been  concentrated 
upon  these.  And  even  yet  we  cannot  say  that  all  or  even 
the  most  important  of  these  problems  have  been  satis- 
factorily solved.  At  the  same  time  there  is  today  a  wide- 
spread agreement  among  experts  as  to  the  general  methods 
which  should  be  employed  in  the  disposal  of  the  city  sewage. 
It  is  now  well  recognized,  fcr  example,  that  there  is  no  om 
solution  of  this  vast  and  varied  problem.  In  any  par- 
ticular case  much  depends  upon  the  location,  climate,  soil, 
and  other  intrinsic*  or  environmental  conditions.  Some- 
times disposal  by  simple  dilution  in  sea-water  suffices. 
Sometimes  this  is  highly  objectionable.  If  dry  and  sandy 
soil  abounds  in  close  proximity  to  a  particular  city,  then 
disposal  by  intermittent  filtration  may  be  the  best  solution 
of  the  problem.  If  on  the  other  hand,  the  sewage  of  a 
manufacturing  city  is  strongly  acid,  sand  filtration  without 
special  preparatory  treatment  of  the  sewage,  depending 
as  it  does  upon  bacterial  activity,  may  be  quite  out  of  the 
question.  If  the  city  to  be  drained  is  situated  upon  a  lake 
from  which  drinking  water  must  be  drawn,  a  difficult 
problem  arises,  since  disposal  in  lakes,  even  at  a  great 
distance  from  the  intake  of  waterworks,  may  prejudice 
the  purity  of  public  water  supplies. 


No  better  evidence  of  the  many  sickliness  of  the 
age  problem  or  of  the  variety  of  solutions  applicable 
it>  various  phases  is  needed  than  can  Ik*  found  in  the 
timely  and  v  aluable  treatise  on  "  Sewage  Disposal  "  which 
ha*  lately  issm  d  from  the  press  under  the  authorship  of 
three  graduate*  of  the  Institute  <if  Technology,  namely, 
PmlVrwsor  Leonard  P.  Kinnicutt,  Head  of  the  Chemical 
Department  of  the  Worcester  (Mass.)  Polytechnic  Insti- 
tute,  Piofessor  C.*E.  A.  Winslow,  Assistant  Professor  of 
Sanitarv  Biology  and  Biologist -in -Charge  of  the  Sanitary 
Research  laboratory  and  Sewage  Kxperimcnt  Station  of 
rh<  Ma^uhti^rts  Institute  nl  Technology,  (from  which 
the  present  volume  of  ( Contributions  ami  those  that  have 
preceded  it  have  eome>  and  Mr.  R.  W.  Pratt,  Chief  En* 
gineer  of  the  State  Hoard  of  Health  of  Ohio.  Those  who 
would  appreciate  the  magnitude,  the  \arieiy  and  the  diffi- 
culty »  f  the  sewage  disposal  problem  in  the  l/nited  States 
vi.. old  do  well  to  consult  this  imjicrtant  volume,  no  small 
part  of  which  has  lxrn  thn*  outgrowth  of  the  scries  of  a** 
March.s  recorded  in  the  several  volumes  of  the  present 
series  of  4i  Contributions." 

It  has  l*e&n  the  often  repeated  wish  of  the  Donor  from 
the  outset  that  our  Laboratory  and  Station  should  not  only 
make  original  contributions  to  the  solution  of  the  difficult 
problem*  of  sewage  disposal,  but  should  also  take  an  active 
jiart  in  the  education  of  the  public  along  lines  of  clean  li- 
ne**, Kimtation.  public  health,  ami  more  wholesome  living. 
It  is  interesting  to  note  accordingly,  that,  of  the  present 
volume,  three  of  the  pa|>ers  and  marly  two-thirds  of  its 
page*,  represent  purely  scientific  ami  original  work  ;  while 
the  remainder  are  devoted  to  publie  exposition,  [>opular 
information,  or  (-durational  assets  of  Sanitary  and  Public 
Health  Science. 


Massachusetts  Institute  of  Technology, 
Boston.  September,  1910 
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£  INTRODUCTION. 

It  is  nowadays  commonly  understood  that  the  purification  of  a 
polluted  water- supply  produces  a  marked  decrease  in  the  mortality 
from  typhoid  fever  among  persons  using  the  water  for  drinking  and 
other  domestic  purposes,  but  it  is  not  as  yet  generally  recognized  that 
such  purification  produces  also  a  marked  decrease  in  deaths  from 
other  diseases. 

In  1893-94  it  wfas  observed,  independently,  by  Messrs.  Hiram  F. 
Mills,  C.E.,  of  Lawrence,  Massachusetts,  and  Dr.  J.  J.  Reincke,  of 
Hamburg,  Germany,  that  the  purification  of  the  polluted  public 
water-supplies  of  Lawrence  and  of  Hamburg,  respectively,  was  pro- 
ducing a  notable  decline  in  the  general  death-rate  of  each  of  these 
cities.  The  attention  of  Mr.  Allen  Hazen  was  about  the  same  time 
turned  to  the  subject,  and  some  years  later,  in  a  paper  presented  to 
the  International  Engineering  Congress  held  at  the  St.  Louis  Exposi- 
tion in  1904,  he  drew  from  an  examination  of  the  death-rates  of 
certain  cities  which  had  radically  improved  polluted  water-supplies 
the  following  conclusion: 

Where  one  death  from  typhoid  fever  has  been  avoided  by  the  use  of  better  water, 
a  certain  number  of  deaths,  probably  two  or  three,  from  other  causes  have  been 
avoided. 

This  novel  statement  has  not  hitherto  received  the  attention 
which  it  deserves,  and  in  view  of  this  fact,  as  well  as  in  order  to  test 
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the  range  and  accuracy  of  Mr.  Hazcn's  conclusion,  and  also  if 
[wissible  to  find  an  explanation  for  it,  we  have  undertaken  a  careful 
examination  of  the  vital  statistics  of  a  number  of  cities  each  of  which 
Li-  c  hanged  more  or  less  suddenly  from  a  polluted  to  a  purified 
water-supply. 

On  August  14.  iqocS,  we  published  in  "Science"  a  preliminary 
communication  announcing  in  part  the  results  of  our  study  and 
confirming  Mr  Haven's  statement.  We  also  contributed  to  the  vol- 
ume on  '  Tuberculosis  in  Massachusetts/'  prepared  by  the  Massachu- 
setts  State  Committee  for  the  International  Congress  on  Tuberculosis 
held  in  Washington,  D.C..  September  21  to  October  12,  1908.  and 
published  in  Boston  in  1908,  a  paper  entitled  'On  an  Apparent  Con* 
ncction  between  Polluted  Public  Water  Supplies  and  the  Mortality 
from  Pulmonary  Tuberculosis/* 

As  will  appear  beyond,  circumstances  arose  not  long  after  the 
publication  of  our  preliminary  communication  which  made  it  seem 
desirable  to  repeat  some  i«>rtions  of  our  work,  and  especially  to  take 
into  consideration  questions  relating  to  the  constancy  of  increase  of 
population  ordinarily  estimated  for  American  cities  between  census 
years.  Some  delay  has  thus  been  caused,  but  we  now  present 
the  complete  paper,  which  we  venture  to  believe  has  meanwhile 
gained  both  in  scope*  and  in  trustworthiness. 

II      Tilt  MILLS  KEINCKE  PHENOMENON, 

Shortly  after  the  introduction  of  a  filtered  and  purified  water 
into  Lawrence.  Massachusetts,  in  September,  1893,  it  was 
i  by  Mr.  Hiram  F.  Mills,  C.E,,  a  meml>er  of  the  State  Board 
Health  of  Massachusetts,  then  a  resident  of  the  city  of  Lawrence 
and  chief  engineer  of  the  company  controlling  the  water  power  of 
that  city,  that  a  marked  decrease  in  the  general  death  rate  of  the  city, 
and  not  merely  in  the  death  rate  from  typhoid  feverf  was  taking 
place.  A  few  months  earlier  (May,  1803)  filtration  of  the  public 
water  supply  had  likewise  Iran  established  for  the  city  of  Hamburg. 
Germany,  and  there  also  it  was  oliserved  by  Dr,  J,  J.  Reincke,  health 
officer  of  that  city,  that  the  general  death  rate  was  declining  more 
rapidly  than  could  possibly  U*  accounted  for  by  the  deaths  from 
typhoid  fever  aJone,    To  this  im|>ortant  discovery,  made  thus  inde* 
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endently  by  Mr.  Mills  in  Lawrence  and  Dr.  Reincke  in  Hamburg, 
ve  have,  because  of  its  fundamental  and  far-reaching  significance, 
plied  the  name  of  The  MMs  Rcimke  Phenomenon. 
Mr.  Allen  Hazen,  the  now  well-known  civil  and  sanitary  engineer, 
jrho  had  long  been  more  or  less  closely  associated  with  Mr.  Mills* 
risked  Europe  early  in  1894,  and  while  in  Hamburg  conferred  with 
r.  Reincke.   He  was  impressed  with  the  favorable  results  of  filtra- 
tion as  observed  and  described  by  Dr.  Reincke,  and  on  his  return  to 
America  he  mentioned  Dn  Reinckc's  observations  to  one  of  the 
writers  (W.  T.  S.).   He  also  stated  in  the  first  edition  (1895)  of  his 
"Filtration  of  Public  Water-Supplies"  (p.  177): 

The  death-rate  [of  Hamburg]  since  the  introduction  of  filtered  water  has  been 
lower  than  ever  before  in  the  history  of  the  city,  .but  as  it  is  thought  that  other  con- 
ditions may  help  to  this  result  no  conclusions  are  as  yet  drawn. 

To  this  statement  he  appended  in  a  later  edition  a  table  showing 
the  deaths  in  Hamburg  from  typhoid  fever  and  from  all  causes 
1880-98,  i.e.,  before  and  after  the  introduction  of  filtration. 

III.   dr.  reincke's  observations  on  the  relation  of  total 

DEATH-RATE  TO  WATER-SUPPLY  IN  HAMBURG, 
GERMANY,  1894-97. 

The  Hamburg  filters  began  their  work  in  May,  1893,  and  for  that 
year  the  total  death-rate  showed  an  extraordinary  decrease  from 
that  of  preceding  years,  and  a  greater  decrease  than  could  be  accounted 
for  by  the  drop  in  the  typhoid  fever  death-rate  alone.  Dr.  Reincke's 
observations  concerning  this  remarkable  phenomenon  were  published 
from  time  to  time  in  his  Annual  Reports1  and  may  be  quoted  (in 
literal  translation)  or  summarized  as  follows: 

In  the  year  1893  ....  the  total  death-rate  of  Hamburg  was  20.4  per  thousand 
living.    The  mortality  has  never  been  so  low  before  ....  since  the  beginning  of 

vital  statistics  in  Hamburg  in  1820  Manifestly  the  chief  explanation  of  this 

favorable  result  is  that  the  cholera  of  1802  carried  off  an  extraordinarily  large  number 
of  people,  especially  of  the  weaker  and  less  resistant,  a  part  of  whom  would  otherwise 
not  have  died  until  1893.  Whether  the  great  improvement  of  the  water  has  been  of 
influence  can  be  ascertained  only  after  several  years.  The  figures  given  in  connection 
with  infant  mortality  speak,  however,  strongly  for  this  theory  (Report  for  1893,  P-  x5)- 

1  Bcrichte  des  Medvtinallnspektorals  iiber  die  mcdizinischt  Staiistik  des  Hamburgischcn  Staaies. 
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For  1894  Dr.  Reincke  found  the  total  death-rate  to  be  17,9  per 
thousand  living, 

Thu*  the  mortality  ha*  receded  still  lower  even  than  that  of  tut  year,  which*  as 
has  been  said,  was  the  most  favorable  since  the  beginning  of  recorded  vital  statistics 
in  Hamburg  

It  b  not  altogether  easy  to  offer  a  sufficient  explanation  of  this  favorable  result. 
Thai  the  effect  of  the  cholera  of  iSq*  in  earning  off  prematurely  many  weak  indi- 
vidual* n  >tit)  operative,  is  not  very  pro)  table,  for  the  favorable  conditions  of  t&cH 
apprar  in  no  age  group  *o  strikingly  as  among  infants  under  one  year,  all  of  whom 
have  hern  born  since  the  epidemic.  The  death-rate  of  such  infants  is  aot  o  per 
thousand  1  under  one  year  of  age]  for  tSoa.  **  compared  with  a  fifteen-year  average  of 
J§7  Jb 

*  *n  the  other  hand,  there  is  greater  reason  than  tn  the  preceding  year  for  attrib- 
uting a  considerable  share  in  the  altered  conditions  lo  the  improved  water-supply, 
and  the  result*  for  i8qj  and  iHqj  of  the  influence  of  the  water  on  the  mortality  of 
•  hiMrrn  from  diarrhea  and  Ka*tm- intestinal  diseases  are  freshly  confirmed  (Report 
for  1804.  pp,  u,  i j). 

In  1895  the  total  death-rate  was  18.9  per  thousand  living,  i.e., 
1 .0  more  than  in  1894. 

Nevertheless  the  mortality  was  Mill  more  favorable  by  *  7  per  thousand  than  In 
the  m*i*t  Uu»raMe  year  before  the  Introduction  of  nitration,  ami  more  favorable 
;  S  than  the  mean  of  the  ten  years  l*fore  the  cholera  epidemic,  Le-  i&JJj-qi 

(1*9*1  for  1*15,  pt  lit 

For  1896  the  total  death-rate  is  reckoned  at  17*1  per  thousand 
living,  the  lowest  ever  observed  in  Hamburg  up  to  that  time. 

t  n<i»uhredU  a  the  especially  favorable  result  for  this  year  i*  to  lw  attributed 
*■*  to  the  <t«i|  wet  weather  from  the  middle  of  June  tn  the  middle  of  July,  on 
account  of  which  the  high  infant  mortality  of  the  summer  was  speedily  cut  down. 
That  the  year  ha*  pa*>rd  as  favorably  as  the  three  preceding  year*  it  fresh 
o*armation  of  the  fact  that  rintt  tk*  filtration  aj  the  drinking  voter  the  health  caw- 
Jttism  tm  Uamhmrg  a*iiv  impetnvd  in  a  quite  extraordinary  manner.  {U\  eine  neue 
Br*tatiKung  dafur,  da**  wit  drr  Filtration  drs  TrutUasscn  sich  die  Goundhrits- 
serhaJtiiivse  Hamburg*  in  ganz  aussemrdentlicher  Wrise  verbessen  lial*en,  I  (Report 
I*  p.  n,  italics  ours,) 

For  1897  the  total  death-rate  of  Hamburg  "Stadt"  (exclusive 
of  the  suburbs)  is  reckoned  as  17  o  \kt  thousand  living.  Again  no 
rate  so  low  had  ever  before  been  observed  in  the  history  of  the  city 
(Report  for  1897,  p,  12), 

All  the  more  weight  must  be  given  to  the  statistical  statements 
made  above  because  these  were  based  upon  an  annual  official 
enumeration  of  the  population* 
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IV.    DR.  REINCKE'S  STUDIES  ON  THE  RELATION  OF  INFANT  MORTALITY 
TO  WATER-SUPPLY  IN  HAMBURG  AND  ALTONA,  1 893-9 7. 

In  Dr.  Reincke's  Annual  Report  for  1892"  we  find  a  searching 
lamination  of  the  effect  of  water-supply  upon  infant  mortality 
(particularly  as  due  to  gastro  intestinal  diseases),  which,  b  cause 
of  its  early  date  and  its  obvious  importance  for  all  students  of  the 
relations  of  polluted  water  to  public  health  science,  we  shall  either 
quote  in  careful  translation  or  summarize,  as  follows: 

It  is  usually  assumed  that  the  greater  part  of  the  deaths  from  gastro-imcstinaJ 
diseases  (BrechdurckfaU)*  in  summer  is  lo  be  explained  by  the  high  summer  tempera* 
ture,  particularly  through  the  action  of  warmth  on  the  principal  food  of  infants,  i.e. 

complicated  than  this  (p.  10). 

Tables  and  diagrams  are  given  of  deaths  from  diarrhea  and  gastro- 
intestinal diseases,  by  months,  for  Hamburg  and  for  Altona,  with 
the  mean  monthly  temperatures,  1871-92.  In  connection  with  these 
it  is  pointed  out  that  the  parallelism  between  deaths  and  high  tem- 
peratures is  not  well  marked,  but  that,  on  the  contrary,  there  have 
been  distinct  outbreaks  of  these  diseases  during  cold-weather  periods, 
Also,  that  the  curves  for  winter  deaths  of  infants  under  one  year  from 
gastro-intestinal  diseases  are  not  parallel  in  Hamburg  and  Altona, 
as  is  the  case  with  those  of  the  summer  period  Reincke  was  unable 
to  discover  similar  winter  outbreaks  in  any  other  German  city  except, 
for  certain  years,  in  Berlin.    We  quote  further  and  at  length: 

In  Bockendahl's  "  Generalbericht  iiber  das  offentliche  Gesundheitswesen  der 
Provinz  Schleswig-Holstein  fur  das  Jahr  1870,"  p.  10,  we  read:  "Still  more  striking 
was  an  epidemic  of  gastro-intestinal  diseases  in  Altona  in  January  which  proved 
fatal  to  43  children.  As  the  cases  were  observed  in  all  parts  of  the  city  and  the  medical 
officer  was  unable  to  explain  the  phenomenon,  he  procured  from  the  Gas  and  Water 
Company  a  statement  regarding  any  interruptions  in  the  supply  of  pure  water  to  the 
city  during  the  year  1870.  He  then  learned  that  the  city  was  supplied  during  a  few 
days  in  January  with  unpurified  Elbe  River  water.    However  little  reason  there  may 

1  Bcrkhi  des  Medizinallnspcktorais  uixr  dit  medizinischc  Slatistik  des  Hamburgischen  Staaics  fur 
18Q2,  published  without  date,  but  presumably  late  in  1893. 

»  We  have  not  been  able  to  find  any  exact  English  equivalent  for  the  terra  BrechdurckfaU,  which 
denotes  literally  a  condition  characterized  by  diarrhea  and  vomiting.  Mr.  Hazen's  rendition  "cholera 
infantum,"  employed  in  his  translations  from  Dr.  Reincke  in  Appendix  II  of  his  "Filtration  of  Public 
Water-Supplics."  does  not  appear  to  be  allowable.  BrechdurckfaU  is  applied  to  both  adults  and  children, 
but  more  frequently  to  the  latter  because  gastro-intestinal  disturbances  are  much  more  common  during 
the  early  years  of  life.  Throughout  our  translations  of,  and  references  to,  the  writings  of  Dr.  Reincke 
and  his  associates,  we  shall  render  the  term,  with  an  approximation  to  accuracy,  sometimes  as  "gastro- 
intestinal  disorders,"  and  sometimes,  especially  when  it  is  applied  to  fatal  cases,  as  "gastro-intestina 
diseases,"  without,  however,  necessarily  implying  by  the  latter  phrase  the  existence  of  discoverable  lesions. 
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the  connection  between  these  two  circumstances  as  proved,  it  b  only 
that  at  at]  times  interruptions  in  the  pure  water  service  be  closely  watched, 
only  in  thU  way  can  reliable   d>m  lusions  lie  reached  and  danger*  be 


Dr.  Kraus,  who  n»  al  that  time  the  medical  otfcter  of  Alton*,  anrl  who  made 
>  upnn  which  Bockendabr*  statement  is  based,  subsequently  became  health 
*il  Hamburg;  and,  in  a  more  lengthy  opinion  ,  ♦  .  .  dated  1874,  earnestly 
the  establishment  of  sand  filtration  in  Hamburg  su parted  his  position 
with  the  above  observation*,  although  with  the  caution  ihat  they  are  not  to  he  re- 
ive. In  his  annual  report  on  the  vital  statistics  of  Hamburg 
t.S;c.  he  suggests  (p.  17)  that  the  addition  of  unfillercd  Elbe  water  to  milk  had 
probably  hern  connected  with  the  infant  mortality1  of  Hamburg,  which  mortality  was 
High  in  comparison  with  that  of  London  (dass  der  Zusat2  von  unfiltrirtem  Elbe- 
w  m  tier  Milrh  wahrst  heinlk h  an  der  im  Vrrglejrh  *u  U»ndon  sehr  bohen 
Saugiingv^trrblichkeit  Hamburg*  txtheiligl  sei>)  He  later  repealed  this  opinion  both 
in  oral  and  in  written  statement*. 

Meantime  so  much  material  for  observation  Its*  accumulated  that  his  view  may 
now  fairly  be  regarded  as  proved.  ,  .  „  # 

Years  ago,  on  observing  the  epidemic  l*eh*vior  of  typhoid  fever,  in  Alton*  . 

that  at  the  Altona  waterworks  disturbances  in  the  action  of  the  iilters 
in  connection  with  frost,  rausing  the  distribution  of  water  insufficiently 
Wallichs  of  Alt.  ma,  on  the  ground  of  further  observations  on  typhoid  fever, 
curne  u>  the  same  conrlution,  and  lately  Robert  Koch,  nn  the  encaftton  of  the 
winter  epidemic  of  Astatic  cholera  in  Altona,  has  proved  that  our  hypothesis 
When  open  niter*  are  cleaned  in  cold  weather,  it  is  4  matter  of  common 
that  the  germs  in  the  water  are  not  sufiViently  held  h**  k  by  the  niters; 
and,  as  an  actual  fact,  limuluneously  with  these  disturbances  of  filtration  there  have 
« -enured  nof  only  the  explosive  typhoid  outbreaks  of  iHS6,  1^7,  i&HS,  1H91 ,  ami  iSo,*, 
outbreaks  of  1871  and  tflgt,  but  also  the  increase*  of  gaslro- 
in  Altona.  It  can*  therefore,  no  longer  be  doubled  that  these 
stand  in  the  relation  of  BMI  and  effect.  It  U  thiu  explained  aW»  why 
winter*,  as  above  mentioned,  there  have  been  no  such  outbreaks,  and  why 
in  winter  have  not  been  parallel  in  Hamburg  and  Altona* 
In  Hamburg  the  winter  increase*  [»f  gaMro- intestinal  dburder*]  cannot  tie  explained 
It  seems  probable,  rather,  that  northeast  storms,  through  the  high  tides 
they  cause,  bring  polluted  water  In  greater  quantity  to  the  intake  of  the  water- 
It  cannot  be  demonstrated  that  every  such  occurrence  has  caused  an  increase 
mfant  mortality,  but  in  many  in* tames  a  noteworthy  coincidence  occurs.  .... 
Thk  point  oduUI  be  decide*!  only  by  careful  Iwctrriokig***!  determinations,  and  we 
r  such  evident*  for  the  last  month*  of  the  year  iSgit  when  daily  tacter* 'logical 
of  the  city  water  were  made  at  the  Hygienic  Institute,  attho  examina- 
t  of  the  river  water  itself  were  not  begun  until  later.  It  was  thus  found  that  the 
I  content  of  the  water  varied  between  zoo  and  600  at  the  end  of  October  and  the 
I  of  November;  that  it  rose  after  Novemtw*  10  to  about  $,000,  after  December 
4,  to  4,000-5,000;  and  on  December  18,  tn  7,500,  and  finally  dropped  rapidly  in 
January  to  900-500,  On  Drrrmber  4  thrtr  occurred  a  ttonn-tidr  f6m.  in  height, 
[  *  fcriea  ol  moderate  high  tides,  and  the  December  increase  in  infant  «wr- 
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[TABLE  i.] 
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A  further  support  for  this  theory  is  found  in  the  conditions  at  Berlin,  where, 
likewise,  frost  has  repeatedly  interfered  with  nitration.    The  above  table  gives 
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■  deaths  from  acute  intestinal  diseases,  for  several  winter  periods  in  which  striking 
in  mortalities  in  these  di«ea»es  have  appeared.  It  is  obvious  that,  of  the 
k  enumerated  in  the  first  column,  a  predominant  number  is  among  little  children, 
for  Lumpari«i»n  the  bacteriological  examinations  are  given,  according  to  Plagjre  and 
iV^kaurr.  of  Ihe  tap  water  from  the  Stralau  waterworks,  Unfortunately  the  figures 
km  tSgi  ire  wanting. 

No  *  me  tan  doubt,  after  this  demonstration,  that  here  also  the  delivery  of  insufli- 
cimirr  purified  water  every  lime  cost  the  lira  of  many  children,  Still  more  striking 
it  the  evidence,  from  the  publications  of  the  Statistical  Office  at  Berlin,  that  other  parts 
the  rit>%  »uppued  with  better  water  from  the  Trgel  works,  completely  escaped  these 
in  mortality,  precisely  as  was  the  case  in  the  well-known  typhoid  epidemic 
of  Kr*«ruary  and  March,  tfWy, 

•  .  .  ,  The  fatal  effects  of  the  water  are  not  confined,  however,  to  those  infants 
d  ung  from  well -defined  intestinal  diseases,  for  there  t*  a  large  number  taides  who 
must  have  fallen  victims  with  less  striking  intestinal  symptoms,  ft  appears,  further* 
i»jrr,  that  alrrxAt  thr  only  children  affected  were  those  not  nursed  by  their  mothers  or 
br  wet-nurses  t*ut  frtj  on  the  milk  of  ammab  i»r  other  substitutes,  which  were  milt 
with  mure  or  leu  water. 

N«>  mut  h  for  the  winter  conditions.  As  for  the  summer,  the  work  of  Plagge  and 
f*r-*kauer  shows  that  the  filters  have  then  also  occasionally  delivered  bad  water,  What 
tnSuencr  ihU  may  have  had  is  difficult  to  determine,  sine*  at  that  season  gastro-intes- 
show  ordinarily  a  high  prevalence.  But  ifoubtJess  the  influences  of 
r  go  hand  in  hand.  This  hypothesis  ii  still  more  probable  for  Ham* 
with  Ihe  river  water  diminished  during  the  summer  months,  the 
i,  in  easili  run  up  rhr  rivet  [carrying  sewage  to  thr  intatcj  even  withoul  the  aid  of 
'Dm  hijnthesi*  ts  supported  by  the  extraordinary  prevalence  of  gastro- 
I  disorders  in  the  unusually  dry  warm  years  of  1SS6,  1887,  and  t8i>i.  If  this 
the  caw,  when  thr  Intake  ts  nmvrd  higher  upstream  and  m  ml  liltraiion  is  star  ted, 
we  imv  riprct  a  substantial  decrease  of  infant  mortality.  Not  only  should  the  winter 
mi  rtM»r*  entirety  disappear.  but  those  of  the  mmmn  ought  t«>  he  notably  diminished. 
(How  wrM  this  proplm?  wa*  lortic  »ut  is  shown  try  the  Uble  given  on  p.  1  at  of  the 
'l^%undheitsverhMtnisse  Hamburgs  im  10.  Jahrhundert M  published  some  yean 
later,  tn  toot  |  Mx,iwver,  it  m  r*»t  the  infant*  unly  who  will  \t  ficnenied.  for,  as  the 
figures  show,  there  are  also  many  cases  of  gastro  intestinal  disorders  among 
1  from  one  Li  five  year*  of  age,  and  even  adult*  do  r**t  entirely  escape  j  pp,  ijj-i  7). 

We  may  mention  parenthetically  that  many  of  the  valuable 
observations  ju*t  quoted  haw  been  presented  in  English  by  Mr. 

t*n  in  the  first  (1H95)  and  subsequent  editions  of  his  "  Filtration 
of  Public  Water-supplies. M  Appendix  it. 

Dr.  Reinckes  report1  for  the  following  year  (1893)  gives  the 
mortality  under  one  year  of  age,  reckoned  per  thousand  living  in 
that  age-group,  for  1893  and  earlier  year*,  as  follows  (p.  17):  1885, 
277  7;  i886,  368  8;  1887,  347  Si  1888-  8;  1889,  316  5; 
1890.276,3;  iSqi.  J88.7;  1892,404  8;  1893,240.2. 
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How  uneven  is  the  distribution  by  age  months  of  this  mortality  of  infants  under 
one  year  of  age,  is  shown  by  the  following  table. 

Economy  of  space  forbids  our  reproducing  in  full  the  table  (p.  40) 
referred  to,  but  we  present  a  summary  of  it  (Table  2). 


TABLE  a. 

Ages  op  Infants  Dying  under  One  Yeas,  by  Months. 


Average 

1884-92 

Inclusive 

1803 

Percentage  Percentage 

In  the  1st  month  

a7-o 

In  the  7th 

"  "  ad  " 

143 

"  "  8th 

"  "  3d  "   

  XX. 0 

11. 9 

"  "  9th 

"  "4th  "   

  91 

9-6 

"  "  10th 

"   "5th  "   

  7.8 

7. a 

"  "  nth 

"  "6th  "   

  6.5 

5  9 

"  "  xath 

Average 
1884-92 

Inclusive  1893 
Percentage  Percentage 

...     5.6  57 


  52  45 

  48  4- a 

  45  3-8 

  42  3.0 

  40  a. 9 

xoo  xoo 

Under  "diarrhea  and  gastro-intestinal  diseases"  (Durchfall  und 
Brechdurchfall),  the  following  figures  are  given  for  the  deaths  of 
infants  under  one  year  of  age  for  these  causes  by  years: 

1884   1,143  1889   1,557 

1885   1,189  I^9°   1,198 

1886   1,601  1891   1,500 

1887   1,758  1892   2,541 

1888   1,063  1893   857 

Since  I  expressed  myself  in  detail  on  these  causes  of  infant  mortality  in  my  report 
for  1892  [already  quoted  above],  it  suffices  for  the  present  year  [1893]  to  attention 
to  the  highly  significant  decline  in  the  number  of  these  deaths  and  to  the  fact  that  this 
year  the  increase  in  mortality  in  December,  often  previously  observed,  is  entirely  absent. 
From  the  thorough  studies  recorded  in  last  year's  report  it  is  highly  probable  that  this 
favorable  result  is  to  be  attributed  largely  to  the  filtration  of  the  public  water-supply, 
altho  this  point  can  be  positively  decided  only  after  the  experience  of  future  years. 
Especially  noteworthy  is  the  considerable  increase  of  deaths  from  these  diseases  in  the 
second  half  of  September,  following  a  temporary  pollution  of  the  water  which  led  at 
the  same  time  to  an  outbreak  of  Asiatic  cholera  (pp.  43-44). 

Three  years  later  Dr.  Reincke  repeats  a  portion  of  the  above  table, 
adding  to  it  the  deaths  from  diarrhea  and  gastro-intestinal  diseases 
for  1894,  1895,  and  1896,  which  were  708,  918,  and  767,  respectively 
(see  our  Chart  1).  He  may  well  have  remarked,  in  view  of  these 
figures  together  with  the  increasing  population: 

In  no  other  diseases  did  the  favorable  influence  of  the  better  water-supply  intro- 
duced in  1893  stand  out  s°  clearly  as  in  these  (Report  for  1896,  p.  46). 
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further  discussion  of  the  influence  of  water-supply 
upon  death-rates  in  '  die  c« es u sdh e i t s v e r ha ltn i s*se 
eiauburgs  im  n'eunzehnten  j  ah  rjiunde  rt  '*  (l^ol). 

In  iqoi  there  appeared  a  comprehensive  treatise  on  the  Sani- 
tary History  of  Hamburg  in  the  Nineteenth  Century,"  prepared 
under  the  editorship  <if  Dr.  Reincke.1  In  this  work  the  declines  in 
the  total  death-rate  and  in  the  death-rates  from  various  diseases 
following  the  introduction  of  filtration  into  Hamburg  are  still 
further  considered,  and  additional  evidence  is  given  for  the  existence 
a  relation  between  water-supply  and  gastrointestinal  diseases 
particularly  of  infants).  The  observations  on  these  points  we 
have  abstracted,  mainly  in  literal  translations  and  at  some  length, 
as  follows: 

1.  G fner  ai  Death-Rate. 

In  the  rmlurv  curve  of  the  general  death  rate  ....  four  peaks  of  iperiaUr 
Mgb  mortality  *iand  out  predominantly,  these  art*  thr  iholrra  years  tH tt  and  tS}ir 
i8qj  and  the  *mall-pu*  year  1*71.    Between  them  lie*  a  greater  number  of 
aumi.  which  are  llkr«i*e  to  Ik*  attributed  to  greater  or  >  mailer  epidemic* 
i  infectious  diseases,     ...  hollowing  each  of  these  peak*  there  set*  in  regularly  a 
HWja mi tary  decline  in  mortality. 

Kntircty  dilTrrrnt  Imrn  these  dec  fine*  1*  that  whuh  yet  in  after  thr  «  holer*  epidemic 
f  i«*i2  ,  fur  not  only  was  this  deeper  than  an>  other  before  it.  but  it  has  also  lasted 
IrroughtHit  eight  years— the  beneficent  result  of  the  filtration  of  the  water  supply 
ha»  been  in  operation  since  1803  and  to  which  wp  *hall  repeatedly  return  in 
*>n  with  our  consideration  of  the  mortality  hum  partii  uiar  dt*e&%c*  <p,  qp). 

C*  m paring  the  twenty -h\  e  years  xJ<7^-i^o  with  the  following  four  yean*  the 
r  annual  mortality  ha*  dropped  fn>m  3$  o  to  17  i,  a  de*rea.%e  of  7  H  prr  i.ooo* 
In  »ho  improvement  at  least  6  t  per  1,000  may  lie  regarded  as  due  to  general  measures 
>.f  tarutatton,  and  of  tht*  again  \  o  at  the  very  least  a*  due  t*j  the  betterment  of  the 
watri-  In  hit  rat  ion  In  this  there  have  been  revkonrd  for  the  infant*  under  one  year 
only  1  &  mstead  of  1  7,  u>  avoid  by  any  thame  putting  the  figure  too  high;  fur  cholera 
0  %  and  Kir  typhoid  fever  9  4  I«t  1*000  Even  leaving  the  1  holer*  out  of  account, 
an  average  improvement  by  at  least  i  *  per  t,ooo  must  be  acknowledged  That 
gt%r»,  orn  with  ihit  tht  roughh  cauti-iu*  ami  conservative  tabulation,  for  ■  population 
•f.  rn  round  numbers.  140.000  (as  the  number  m  t8;j>,  an  annual  number  of 

7  4*  fewer,  and  for  the  jxrr%rnt  population  id  71x1.000,  1.540  death*  fewer  in  * 
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year,  which  are  to  be  accredited  to  the  filtration  of  the  drinking  water.  Undoubtedly, 
however,  the  real  figures  are  much  higher. 

Through  the  improvement  of  the  water-supply  already  discussed  and  the  other 
contemporaneous  measures  of  sanitation,  Hamburg  has  caught  up  with  most  of  the 
arger  German  cities,  which  hitherto  had  had  more  favorable  sanitary  conditions, 
and  has  surpassed  many  (pp.  310,  312). 

2.  Infant  Mortality,  Diarrhea,  and  Gastro-intestinal  Diseases. 

The  term  "Infant  Mortality,"  as  we  shall  use  it  here,  has  a  special 
significance  corresponding  to  the  German  "  Sauglingssterblichkeit, 
d.i.  der  Sterblichkeit  der  im  ersten  Lebensjahre  stehenden  Personen," 
i.e.,  the  mortality  of  infants  under  one  year  of  age.  As  90  per  cent 
of  all  deaths  from  diarrhea  and  gastro-intestinal  diseases  (Durchfall 
und  Brechdurchfall)  in  Hamburg  in  the  nineteenth  century  occurred 
among  infants  under  one  year  of  age,  we  combine  these  heads  as 
above. 

It  is  certainly  in  consequence  of  sanitary  improvements  that,  in  spite  of  the  grow- 
ing factory-working  population  of  the  city,  the  infant  mortality  has  declined  so  ex- 
traordinarily since  18Q3.  And  as  a  discussion,  beyond,  on  gastro-intestinal  diseases  will 
show,  this  abrupt  and  lasting  improvement  is  to  be  attributed  solely  to  the  filtration  of 

the  drinking  water  (Diese  plotzliche  und  andauernde  Verbesserung  ist  allein  der 
Filtration  cles  Trinkwassers  zu  danken)  (p.  145,  italics  ours). 

Under  diarrhea  and  gastro-intestinal  diseases  it  is  noted  that  the 
mortality  under  this  title  is  not  statistically  complete,  since  most  of 
the  deaths  of  infants  from  atrophy  and  debility  (Atropine  und  Lebens- 
schwache)  really  belong  here.  The  evidence  for  this  is  found  in  their 
parallelism  in  seasonal  and  yearly  prevalence. 

Manifestly  the  as  yet  unidentified  germs  of  these  diseases  are  ingested  by  infants 
with  their  nourishment — never,  however,  in  mother's  milk,  but  only  in  artificial 
substitutes,  especially  cow's  milk — which  in  some  way  or  other  has  been  contaminated 

with  pathogenic  germs  Among  the  dangerous  contaminations  of  milk,  a  great 

part  was  played  in  Hamburg,  until  1893,  D>'  tne  unpurified  Elbe  water,  which  was 

introduced  into  all  the  dwellings  by  the  city  water  system  But  since  the  water 

has  been  filtered,  a  gratifying  decline  in  infant  mortality  has  set  in  [see  our  Chart  3] 
(pp.  149,  150). 

Since  diarrhea  and  gastro-intestinal  diseases  attack  chiefly  infants  under  one  year 
[who  contributed  90  per  cent  of  the  deaths  from  these  causes  in  Hamburg  in  the  nine- 
teenth century),  and  as  no  other  diseases  of  infants  claim  nearly  as  many  victims,  it  is 
evident  why  the  century  curve  for  these  causes  of  death  shows  an  extraordinary  simi- 
larity to  the  curve  of  total  infant  mortality.  Divergences  occur  only  in  exceptional 
years  when  for  a  time  infants  died  in  increased  numbers  from  other  diseases,  or  adults 
from  diarrhea  (p.  207). 
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The  data  gnerj  below  concerning  the  connection  of  disease  with  drinking  water 
»verT  the  « rues  t  ion  whether  the  rise  of  the  century  i^irvc  since  the  *6o's 
nut  stand  in  a  definite  connection  with  the  extension  of  the  public  w«ler supply 
of  unfihrrrd  Elbe  water.  The  mean  curve  by  months  agrees,  as  would  be  expected, 
tompletely  with  the  curve  of  death*  of  infants  from  K*»tm-intestina1  diseases, 
h  virtually  follow*  the  atmuspherk  temperature,  fur  continuous  hot  days  usually 
unmrstakahh  inifeamr  the  numlier  of  ca*rs  of  «.icknes>.  Th»  subjnl,  however,  still 
needs  for  lomplete  clarification  much  more  thorough  investigation  than  it  ha*  yet 
It  mu*t  not  l*e  forgotten  that  but  iiay*  in  May  and  June  scarcely  increase 
-I  disorders  Furthermore,  in  midsummer  thr  temperature  is  not  the 
derisive  factor,  for  atmospheric  humidity,  the  distribution  of  storms,  and  other 
wfekh  are  of  influence  either  uj>>n  tin  .  h-rrrun.ii  s.  m  ,.f  jiathogenii  organisms 
Oiulttplii .ation  iii  milk  and  other  foods,  also  co-operate. 
Tu  on/  of  the  fa«  tors,  which  plays  a  [<art  in  the  dissemination  of  the  germs,  atten- 
tion has  been  drawn  in  Hamburg  by  the  fact  that  the  mean  curve  by  months  shows 
a  setond  ri»et  which,  lis*  small,  ncvrrthelev*  rra*hrd  in  certain  years  I  e.g., 
in  January.  188 ,t,  1800,  1802,  in  Februarv,  rfWo;  and  in  December,  iKSc.,  iflHtf, 
and  i8qi)  a  very  considerable  height.  This  rise  occurred  always  in  the  winter,  but 
..annul  (.  v,»hh  lie  explained  by  iolds,  by  life  in  small,  badly  ventilated  rijorm,  by 
injury  ol  miik  consequent  on  heating,  or  by*  damage  done  by  Christmas  framing; 
tor,  tar  a*,  nr  have  Wn  able  to  determine,  in  other  plait*  of  similar  climate,  the 
in  gastro  intestinal  disorders  does  not,  under  ordinary  circumstances* 
pUir  Moreover,  the  ia*e  in  very  different  in  Hamburg  in  thr  various  >  ears.  And 
all.  it  has  ceased  lince  the  t it v  watrr  has  been  well  filtered  (Und  vor  Atlem  da 
sir  aufgehuri  hat,  seitdem  flas  Wasser  der  *udri*<hen  Wasserleitung  gut  fiJtrirt  wird). 

Vhr  suspicion  ta*t  ujion  the  unpurthed  Kllie  water  by  these  (acts  is  sttmgtbenrd 
"y  observations  in  other  plates.  In  this  connection  what  happened  in  the  district  of 
the  Stralau  waterworks  at  Berlin1  of  tffe*t  interrM  When  the  waterworks  drlsvcred 
MtaMd  w-ater,  the  population  of  the  district  supplied  from  Stralau  responded  at 
wiih  an  tmreased  mortality  of  inlanu  (fom  gastro*  intestinal  diseases,  which 
'  exclusive  iv  among  infants  artmitaOv  nourished  V  similar  id»rrva- 
in  the  repnri  mentioned  »p.  r  j>  regarding  the  Altona'  wTUrrwwks 
early  as  and  it  wa*  further  stated  thai  every  lime  disturbance*  look  pla  .-  in  the 

linn  of  the  filters  at  thr  Altona  works,  the  prevalence  of  gastro  intestinal  dis- 
imreased  in  the  city.  Finally,  it  ua-  recounted  that  after  several  high  tide* 
in  NotemticT  and  after  an  especially  high  "storm-tide"  on  the  4th  of  December,  i8qj, 
tvingtng  about  a  heavy  pollution  of  the  LI  be  water  at  thr  waterworks  intake  1  proved 
),  an  increased  infant  mortality  interred  in  Hamburg  The  bactertal 
of  thr  Elbe  River  water  nose  at  this  time  from  900-300  per  c.c  to  7,500-  Such 
Ird  of  netes*its  to  the  ton*  !u* ton,  tliat  in  either  years  also  when  »imiUr 
took  place  the  polluted  city  watrT  was  tr.  blame  As  already  *tated  ip.  50) 
tt  a  possibility  that  tilth  i*a*ticje%  and  Lwthogrnk  grrnts  emptied  into  the  Ell* 


are  rlrivrn  otiasionallv  by  thr  ltdr  upstream,  Kith  to  the  old  and  Ihe  new 
intakes.     When  this  happened  there  undoubted)*  followed  as  a  mie  a 


{•4lutkino|  the  |iublit  water n*upph,  until  tins 


1  eliminate*!  by  the  eslahtr*h- 


and  the  regular  stoppage  of  pumping  at  high  ti'le.  This 
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was  not  always  of  the  same  magnitude,  but  varied  both  according  In  the  amount  ■  .f 
*resh  water  coming  down,  which  made  ditbcult  or  easy  the  upstream  movement  4 
it  tide-wave,  and  also  according  to  the  height  of  the  tide-wave  coming  in  from  the  sea 
«id  influenced  by  wind  and  weather  (pp.  joS-o)+ 

Next  follows  a  description  of  float  experiments,  by  which  it  was 
determined  how  high  the  tides  would  have  to  be,  at  various  stage* 
of  the  river,  to  drive  water  from  the  outfall  of  the  main  trunk  sewer 
upriver  to  the  old  and  (since  1893)  new  waterworks  intakes,  located 
6.3  and  8.5  km  upstream,  respectively. 

Of  course  the  summer  months,  with  their  lower  river  levels,  are  by  far  the  most 
dangerous;  there  appear,  however,  extraordinary  differences  in  individual  years,  On 
the  one  hand,  there  are  wet  summers  with  proportionately  high  fresh  water  stages, 
and,  on  the  other,  dry  years  in  which  the  level  of  the  river  sinks  very  low  in  the  hot 
season.  There  are  also  niild,  rainy  winters  in  which  the  river  remains  high,  as  well 
as  those  in  which  the  whole  river-basin  freezes  up  and  all  the  precipitation  remains 
lying  on  the  ground  as  snow,  so  that  the  flow  of  the  river  becomes  very  scanty.  Hence 
for  our  purposes  the  separate  years  must  be  closely  studied  (p.  110). 

Then  follow  tables  which  lack  of  space  forbids  us  to  reproduce, 
showing,  for  the  period  of  1877-93,  the  varying  stages  of  the  river  and 
the  exceptionally  high  tides,  and  the  time  relations  of  these  two  sets 
of  phenomena. 

If  the  data  in  these  tables  be  now  compared  with  the  tabulations  of  the  contempo- 
raneous deiths  from  gastro-intestinal  diseases  (p.  220),  it  appears  clear  that  the  dry 
years,  with  subnormal  river  stages  in  the  late  summer  and  fall  (1877,  1878,  1883-1SS7, 
and  r8o2)  and  with  numerous  unfavorable  tides,  have  been  especially  characterized  by 
deaths  from  these  diseases;  but  that  in  the  driest  year  of  all,  1893,  tne  significant 
rise  in  deaths  which  was  to  be  expected  did  not  take  place.  It  must  be  concluded  from 
this  that  low  river  stages  and  higher  prevalence  of  these  diseases  are  not  merely  inde- 
pendent parallel  consequences  of  a  greater  summer  heat,  for  in  that  case  gastro-intestinal 
disorders  would  have  been  worse  than  ever  in  1893;  DUt  ^at  since  1893  there  has  been 
broken  a  link  in  the  chain  which  previously  connected  summer  gastro-intestinal  dis- 
orders with  the  low  water.  And  that  break  has  come  with  the  filtration  of  the  drinking 
water  begun  in  1893.  This  is  confirmed,  moreover,  by  observations  of  all  subsequent 
years  down  to  the  end  of  the  century,  during  which  the  low  waters  of  the  autumns  of 
1895,  1898,  and  1900  have  had  no  perceptible  influence  whatsoever  upon  gastro-intes- 
tinal disorders. 

Without  doubt,  therefore,  the  summer  gastro-intestinal  disorders  of  children  have 
been  largely  increased  by  the  city  water,  so  long  as  this  was  not  filtered  The  process 
may  be  pictured  as  consisting  simply  in  the  dissemination  of  the  infective  agents  in 
kitchens,  on  utensils,  on  bottles,  on  the  hands  of  mothers  and  nurses,  or  in  the  milk 
itself,  in  greater  quantities  through  the  water  than  in  other  ways.  The  germs  then 
multiply  more  or  less,  according  to  the  cleanliness  of  the  people  and  the  condition  of 
their  dwellings  and  according  to  .the  weather,  and,  in  greater  or  less  numbers,  are 
ingested  by  infants  with  their  food. 
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Tbe  condition*  favoring  gastrointestinal  disorder*  in  winter  are  not  *o  dear, 
ahhi.  ihoe  al«o  threw  *uspu.k>n  on  the  water.  It  Is  not  difficult,  in  fact*  to  discover 
lor  those  winter  season*  in  which  the  death*  from  gastro  intestinal  disease*  rose  abnor- 
mal ht  storavtidea  upon  which  the  blame  could  tie  laid;  but  in  our  tabic  arc  found  many 
hy$h  tide*  which  apparently  had  no  effect  upon  these  diseases  — in  particular,  all  the 
storm  tides  of  the  autumn  equinox.  From  these  a  sceptic  could  derive  justification 
i*  deputing  altogether  the  connection  between  polluted  water  and  gastro- intestinal 
he  could  also  adduce  I  he  fact  I  hat  before  the  sewerage  of  Hamburg  and 
the  introduction  of  the  public  water-supply  winter  increase-*  in  gastro- intestinal 
appeared,  e,g in  tHjAand  1845;  ami  that  even  aftrr  the  establishment  of 
eg.,  in  March,  1805,  there  had  been  observed  once  more  an  increase  In 
from  these  disease*. 

<  >n  the  «.thcr  hand,  wr  mav  reply  lhai  the  winier  rises  in  the  \%o'%  and  '40'*  took 
plate  in  tuch  small  number*  that  infexrnm  cannot  safely  be  drawn  from  them.  And 
if  *m  tmrcase  of  these  diseases  did  in  fart  take  plate  in  thf»*c  years,  that  wmld  rmf 
prove  that  the  Elbe  water  ™  not  to  blame,  for,  in  fact,  before  1H4*  water  wa*  freely 
Ukm  if.nti  the  river,  which,  in  former  time*,  may  have  t»ern  badly  polluted 
ufwtremin  

Neither  can  the  rue  of  ga*tro  intestinal  diseases  in  Mar.  It,  iS^c,  do  ide  the  ques- 
tion, if  the  scant  excess  of  deaths  be  given  due  weight,  for  in  those  ttmt  year*  of  liltralion 
the  management  o|  the  waterworks  still  had  difficulties,  now  entirely  overcome^  to 
o-.nrcr*d  with,  arising  in  very  cold  weather  with  the  cleaning  of  the  filters,  It  appear*, 
in  fa.%  from  rrtsiTts  in  my  possesion  on  the  bacteriological  control  of  the  filter*  in  1805, 
(kit  m  February  and  Mart  h  of  that  year  individual  niters  rrpratcdh  worked  imperfet  tly, 

v.  thai  a  few  of  the  infective  agent*  of  these  diseases  may  have  clipped  through  

On  comparing  the  twu  tablrs  on  page  211  and  page  120,  it  is  found  U»at  the  high 
1  of  i  he  river  caused  by  melting  snow  [at  certain  limes]  did  not  have  the  Might  est 
the  number  of  death*  from  gastro- intestinal  diseases,  while  in  January, 
a*  *k.  in  the  beginning  of  the  year  1^45,  the  Ln<  rcaM*  of  death,  from  these 
with  a  much  swollen  river.    Before  drawing  am  conclusion*  from 
obtcrvationa,  further  experiments  mu^t  be  awaited,  «nd  the  conditions  in  other 
1  itir^i  be  thoroughly  n>mt*ircd, 

aw  muii  b*  iOHtmi  to  hair  tstatiitM  the  ft*  I  tkjt  the  u*  purified  ciJf 
the  tm*ptuyn  0}  flitraiwx,  comtrihuted  Jtarvi/v  to  ike  thread  oj 
f  dt*f4%*i  (pp  jio-idi.    [The  italic*  are  ourtj 

The  *ir%  line  in  infant  mortality  i*  of  *f»esial  interest  becauic  in  this  we  see  a 
He  filtration  of  the  drinking  water  which  has  exceeded  all  expectation  ar 
sf  our  knciwlnlge  of  the  propagation  of  gastrointestinal  dt* 
If  therefore  the  whole  improvement  .  .  . 
and  hence  to  the  result*  of  better  water,  certainly  1 
tn  thts  category  <  p  510). 


Wc  quote  also  the  following  with  reference  to  the  relation  between 
-intestinal  disorders  and  typhoid  fever: 


in  the  operation  of  the  filters  at  the  AHona  waterworks 
<llfTicult  or  imjftMftible.    At  su<h  times  unlilterrd  or  insufficiently  III 
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water  entered  the  distribution  system,  whereupon  the  health  of  the  people  would  react 
at  once  with  the  appearance  of  cases  of  gastro-intestinal  disorder,  a  sure  sign  to  the 
Altona  physicians  that  two  to  three  weeks  later  typhoid  cases  would  follow  (p.  234). 

Examples  of  such  outbreaks  are  given,  characterized  as  sudden 
in  onset,  restricted  to  the  Altona  district,  falling  in  seasons  otherwise 
unfavorable  to  typhoid  propagation,  and  as  having  been  completely 
absent  since  the  improvement  of  filtration  in  Altona. 

A  similar  local  and  explosive  typhoid  outbreak  occurred  in  Hamburg  in  1893 
("Jahresbericht  flir  1893,"  p.  55).  On  a  wharf  on  the  south  bank  of  the  Elbe,  where 
the  laborers  were  provided,  for  drinking  purposes,  with  Elbe  water  purified  by  a 
filter  of  special  construction  ....  100  laborers  suddenly  fell  sick  with  gastro-intestinal 
disorder,  and  19  of  them  developed  typhoid.  Closer  investigation  revealed  the  fact 
that  shortly  before  the  outbreak  of  the  sickness  the  filter  had  been  "cleaned"  and  that 
its  efficiency  had  for  a  while  been  very  much  reduced  (p.  235). 

....  Instances  from  the  winter  season  are  much  more  characteristic,  for  then 
the  influences  of  the  summer  heat  have  quite  ceased.  A  few  are  summarized  in 
the  table  below  [Table  3]. 

[TABLE  3.] 

Deaths  from  G astro- Intestinal  Diseases  and  Cases  op  Typhoid  Fever,  by  Weeks. 


Week  Meatus  {j*o*  Reoinnino  of  Each  Yea«]. 
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41 

55 
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17 
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67 
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15 
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a 
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From  this  it  cannot  be  doubted,  keeping  in  mind  the  foregoing  instances  and  similar 
cases  elsewhere  (e.g.,  at  the  Tegel  waterworks  in  Berlin,  January  to  March,  1S80 
[account  already  quoted  from  " Jahresbericht  fiir  1892"]),  that  typhoid  fever  and 
gastro-intestinal  diseases  are  to  be  attributed  to  a  common  vehicle  which  can  only 
be  found  in  the  public  water-supply  (p>.  238). 


3.  Tuberculosis. 

Especially  surprising  was  the  improvement  [as  to  phthisis]  in  the  period  from  the 
fourth  to  the  sixth  decade,  when  the  sewerage  and  water-supply  systems  just  completed 
must  have  been  of  very  strong  influence  for  general  cleanliness  (p.  285). 

In  tuberculosis  the  decline  in  mortality  began  long  before  1872;  but  this  progressive 
improvement  has  gone  on  at  a  distinctly  brisker  rate  since  the  middle  of  the  eighth 
decade,  due  no  doubt  to  the  fact  that  after  the  discovery  of  the  tubercle  bacillus  the 
measures  already  in  operation  were  more  systematically  applied.    At  the  same  time 
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il  1*  wurthv  of  notice  thai  it  i*  maintained  from  the  jurgiral  *ide  that,  since  the  filtration 
thr  *ater  the  numtier  of  <»*p»of  bone  and  joint  tuberculin!*  ha*  diminished  e*tr»or* 
irHy.  Further  Denervations  should  tell  whether  a  causal  connection  really  exist* 
hrrr.  At  any  rale  xuih  a  po**ihilitY  cannot  he  excluded,  aincr  of  murse  the  tputa  and 
b»wrl  discharge*  of  alt  the  tuberculous  reach  the  Kibe  through  the  sewer*,  and  tubercle 
htolti  just  a*  well  a*  typhoid  bacilli  could  have  Wn  carried  theme  in  the  water  to  the 
W*t  (|*  joo), 

4.  Other  Infectious  Diseates, 
In  reference  to  ■*  Inflammatory  Disease*  of  the  Respiratory 
Organs*'  i/'KnUundlichc  Krkrankungen  tier  Atmungsorganc")  (not 
including  phthisis): 

I  riJnfiuoatHv  *u*  h  a  vanrtv      dUe*»rt  mu*t  lw  mi  holed  under  this  til Ir  that  only 
mrj  general  orientation  is  poaalbk  (p,  tat). 

The  dn  line  in  th™*  disrjur*  *incr  iKoj  \%  very  Ktriking  Prior  to  tluil  lime  the 
annual  OeattH-ratr  fr?»m  the*-  cause*  was  3  to  4  |*r  thousand  inhabitants,  but  now  the 
molality  ha*  dropped  lo  j  to  3  per  thousand.  What  ha*  worked  thi*  revolution  I* 
tItrjKUlt  to  detrrmmr,  a*  thr  pic  lure  of  event*  [*rr  diagram]  i*  trun  h  o  infused  by  the 
mthienxa  epidemics  of  1 80 1,  1805,  and  looofp  JOjt). 

THr  .i.ndith  n*  with  respect  to  disease*  of  the  reipiraton  organ*  f exclusive  of 
tuben  us-u^  are  even  more  itUurr  [than  for  lul»en  uLos.*).  Still  the  *lrikin#  improve- 
rnrnt  [thntn  by  iT,m|iara1i\r  rale*  (or  thr  two  jirriods  i.H;j-o/i  and  USgf> igoo)  in  this 
Krr^tp,  »hkh  includes  very  diverse  forms  of  disease,  must  lie  accredited  more  ti  general 
taufcarr  Improermenl*  than  to  the  nitration  of  the  water  (p.  tr&i 

It  is  interesting  to  note  that  of  all  deaths  from  inflammatory 

diseases  of  the  respiratory  organs  in  the  period  187 7-1900,  about 

25  per  cent  Occurred  among  infants  under  one  year  of  age  (pp.  133. 

160). 

In  the  quotations  here  given  we  believe  that  we  have  cited  all  of 
special  interest  or  im|*>rtanee  in  reference  to  the  effect  of  a  purified 
water  supply  upon  the  sTtrious  infectious  diseases  in  Hamburg,  And 
\w  <!esire,  on  leaving  this  (Kirtion  of  the  subject,  to  express  our  high 
appreciation  of  the  thoroughness  of  the  work  of  Dr.  Reinckc  and  his 
associates,  which  has  thrown  so  much  light  upM  thi>  imjK»rtani  subject 

VL  Uk  IIIUS'S  n  RTfIEK  STt  DIES  ON  THE  WATER  SI  PP1  Y  AND 
TOTAL  DEATH-RATE,  KT<\„  HE  LAWRENlT,  MASSACHUSETTS, 
AND  HIS  ADDRESS  TO  THE  CITY  GOVERNMENT  Of  LAWRENCE, 
1893-1903, 

Ever  since  1893  Mr.  Mills  hail  been  making  further  observations 
and  studies,  some  of  which  he  had  reported  to  his  colleagues  on  the 
State  Board  of  Health  of  Massachusetts  as  early  as  1896-  Several 
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years  later  (July  3,  1902)  in  the  course  of  an  address  before  the  dty 
government  of  Lawrence,  he  read  a  statement  of  his  results,  from 
which  we  may  quote  the  following  striking  paragraphs,  published 
i  next  day  in  the  Lawrence  newspapers: 

The  deaths  from  typhoid  fever  dropped  from  an  a  wage  of  52  per  Year  for  the  si* 
years  previous  to  the  u*e  of  Ihe  filtered  water  to  an  average  ol  11  per  year  in  the  past 
six  years.  But  this  h  only  a  small  part  of  what  has  been  accomplished.  The  deaths 
from  all  disease  ro  the  city  haw,  since  the  filter  was  built,  averaged  i9  annually  per 
thousand  of  inhabitant*,  while  in  the  six  years  previous  to  the  building  of  the  filter  the 
deaths  from  all  dbrases  averaged  24  per  j.ooo  annually.  Hat  ts,  in  the  yeara  tnex 
you  began  to  ine  filtered  water  there  has  been  an  average  of  300  less  deaths  per  year 
than  there  would  have  l»een  if  Ihe  death-rate  had  continued  as  before.  .  *  .  . 

When  the  United  State*  Census  Bureau  of  1900  found  that  the  deaths  in  Lawrem-e 
were,  when  they  <  on*ideiri1  1  ht-  tn^Tfa^  in  population*  equivalent  to  more  than  300 
less  deaths  than  m  i£go,  they  wrote  to  your  City  Board  of  Health  asking  the  cause, 
and  were  informed  that  the  principal  cause  that  they  could  indicate  was  the  introduction 
of  filtered  wat<  c  use  of  J  he  city  in  1803.    They  had  reason  for  their  conclusion 

when  their  reoir.1%  showed  the  deaths  in  1802  to  be  1,246  and  the  deaths  of  1894  to  be 
925;  a  different  r  ,1  deaths  from  the  year  before  to  the  year  after  the  filter  was 
completed. 

Since  you  began  to  drink  filtered  water  the  records  show  that  there  have  been  as 
many  as  2,500  lr**  deaths  in  the  nty  than  there  w, njld  have  been  if  the  average  death* 
rate  of  the  previous  sds  years  had  continued  to  thfe  time;  and  thfe  has  been  one  of  the 
sources  of  increase  in  |>opulation.  .  .  . 

The  decrease  in  deaths  lias  not  been  limited  to  deaths  caused  by  diseases  which 
are  known  to  be  conveyed  by  water,  nor  to  infectious  diseases,  but  includes  so  broad 
a  range  of  diseases  that  we  must  conclude  that  the  general  health  of  the  people  has 
been  improved  and  their  ability  to  resist  and  overcome  disease  has  increased. 

VII.     DISCUSSION  BY  MR.  ALLEN  HAZEN,  C.E.,  OF  THE  WATER-SUPPLY 
OF  LAWRENCE  IN  RELATION  TO  THE  TOTAL  DEATH-RATE,  I9OI. 

In  the  published  discussion  of  a  paper1  presented  by  Messrs. 
Morris  Knowles  and  C.  G.  Hyde  at  a  meeting  of  the  American  Society 
of  Civil  Kn^ineers,  June  5,  1901,  Mr.  Hazen  made  the  following 
statement : 

W  hile  the  most  striking  reduction  in  the  death-rate  following  the  use  of  filtered 
water  was  in  typhoid  fever,  the  general  death-rate  showed  a  very  considerable  reduction. 
Table  No.  26  shows  the  death-rate  per  thousand  living  for  the  seven  years  that  the  filter 
has  been  in  operation,  together  with  the  corresponding  rates  for  three  preceding  periods 
of  seven  years  each. 

The  reduction  in  the  general  death-rate  in  the  last  seven  years,  as  compared  with 
tne  seven  preceding  years,  is  several  times  as  large  as  the  reduction  in  the  typhoid 

» The  Lawrence,  Mass.,  City  Filter:  A  History  of  Its  Installation  and  Maintenance,  Trans.  Am. 

Soc.  C.E.,  46,  p.  316. 
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fever  death-rate,  and  perhaps  indicate*  the  effect  of  the  quality  id  the  water  on  oUjer 
The  question  a*  in  how  far  thin  U  due  Ui  the  water-supply,  and  how  far  to 
I  general  sanitary  condition*,  may  be  properly  rabed;  but  the  very  decided 
redtjtn.n  At  the  time  id  the  intn»duct*m  of  the  filter,  and  the  steadiness  with  which  the 
rate  ha»  continued  on  a  lower  level  since,  seem  to  indicate  that  the  water-supply  had 
{ to  do  with  the  reduction,  and  that  the  coincidence  wa*  not  accidental. 


III 
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VIIL     A  GRAPHICAL  DEMONSTRATION  OF  THE  LAWRENCE  PHENOMENA 
PUBLISHED  BY  Mk    MILLS,  1904. 

In  April,  1904,  Mr.  Mills  showed  to  one  of  the  authors  (W.  T.  S.). 
ho  was  about  to  give  in  Lawrence  a  public  address  on  the  water- 
ty  of  that  city,  the  diagram  herewith  reproduced  (with  addition 
recent  years  by  the  authors)  as  Chart  1,  and  kindly  permitted 
him  to  make  from  it  a  lantern  slide  which  he  then  used  and  has 
since  used  from  time  to  time  in  his  lectures.  This  diagram,  which 
was  afterward  published  with  slight  additions  in  the  Annual  Report 
of  the  Water  Board  of  Lawrence  for  1906,  illustrates  in  a  very 
striking  way  the  Mills- Reincke  phenomenon  to  which  we  have 
now  repeatedly  referred, 

IX.     FORMULATION  OF  HASTEN *S  TKEORKM,  IOO4. 

At  the  International  Engineering  Congress  held  at  St.  Louis  in 
fktobcr  of  the  same  year,  Mr  Allen  Hazen  took  an  important  step 
in  advance,  and  formulated  a  numerical  expression  for  the  compara- 
tive effect  of  water  purification  upon  typhoid  fever  mortality  and 
total  mortality.  He  had  already  approximated  such  an  expression 
in  his  statement  made  in  1901  and  quoted  above  that— 

.  is  several  time*  as  targe  a*  the  reduction 


in  the  genii al  death  rate 
in  ihr  typhoid  fcvrr  death  rate 

On  account  of  its  importance  as  the  tirst  attempt,  so  far  a*  we 
are  aware,  to  reduce  to  a  quantitative  statement  the  Mills-Reincke 
phenomenon,  we  shall  quote  in  detail  that  part  of  Mr.  Hazen's 
jdy  which  concluded  with  the  formulation  as  above  mentioned  of 
a  numerical  expression  of  the  relation  of  total  mortality  to  typhoid 
fever  mortality* 

The  cmrffti  death-rate,  a*  might  t*e  eipet  ted,  U  aW»  redurrd,  and  it  t*  reduced  to 
a  greater  ettent  than  can  be  amounted  for  in  the  rrdu<t»»n  td  the  typhoid  fever  rate 
TV  percentage  of  reduction  in  the  general  death  rate  b  le*»  than  tt  i»  *ith  typhoid 
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fever  and  it  is  therefore  more  difficult  to  follow  the  relation,  and  the  reduction  attribu- 
table to  the  change  in  water  can  be  ascertained  with  less  certainty. 

Tables  5  and  6  show  the  general  death-rates  and  the  death-rates  from  typhoid 
fevrr  in  a  number  of  cities,  before  and  after  radical  improvements  in  their  water-supplies. 
In  four  cases,  two  in  Europe  and  two  in  the  United  States,  the  changes  were  made  by 
the  installation  of  sand  filters.  In  the  other  cases  the  changes  were  from  polluted  river 
.supplies  to  upland  waters  from  unpolluted  sources,  or  to  ground-water.  The  year 
of  i  hangc  (  when  both  the  old  and  new  supplies  were  in  use)  is  omitted  in  each  case. 
At  Is>wrll,  Mass.,  where  the  change  was  more  gradual,  two  years  are  omitted,  and 
at  Hamburg,  the  cholera  year,  i8ga,  which  immediately  preceded  the  year  in  which 
the  niter*  were  put  in  sen-ice,  is  also  omitted  from  the  comparison. 

TABLE  s- 

Deaths  tuoh  Typhoid  Fevek  ret  100,000  ret  Ammih. 


Place 

Date  of  ! 
Chance 

Five  Years  : 
Wore  < 
Change  ; 

Fire  Years 
after 
Change 

,  Percentage 

o(  Reduc- 
tion 

Z-irv  u.  Switzerland   Filtration 

1H8*  i 

76 

to 

87 

Ii  tmliurg.  Germany  Filtration 

47 

7 

»5 

1. 1«  rente.  Ma**   Filtration 

1803 

lit 

36 

70 

V'um.  N'.V.  Filtration 

iHqq  . 

104 

1  71 

I.'Hril  Ma*»  ,  river  water  to  ground- water 

ii 

7* 

\ew.irk  \  J ..  river  water  to  u|iland  water 

iHqj  I 

7o 

16 

Jrr%r*  City.  \  J.,  ri^er  water  to  upland  water 

i8on 

34 

\»rrage*   

1 

1  *5 

to 

7* 

•  I- our  year*. 

The  redui  tk>ns  in  death-rates  with  the  installation  of  filters  have  been  quite  as  great 
a-  in  th*>se  c  ities  where  the  new  source*  of  supply  were  from  unpjlluted  smrce*.  The 
average  reduction  in  the  typhoid  rate  was  66  per  100,000.  The  reduction  in  the  general 
•  Irath-rate  was  4.7  per  1,000  or  470  per  100,000. 


TABLE  o. 

Dlaths  moil  Ail  r*t*f>  rvi  1.000  rea  Asm  11 

I>  1    4        r"*vr  ^"wrs     *'vc  V«ir»  Percentage 


before  after  •< 

Change  Change  Reduction 


H  .n^rur^.  (»erman>                      .  Filtration  iHoj  ui  24  o  17  7  /ft 

l.iwrrme.  M*v»                            tiltralHia  1801  14  4  >o  o  18 

Vi^vtn>  N  Y  Filtration  iSmu  11  \  iA  17 

\rw  ir  W.  \  J    mer  water  to  upland  water  iSoj  15  1  1  ii 

Ur*e\  Cit\.  N  J  .  riter  water  to  upland  water  lHuft  4  tu  1  14 

I.mrll  Mm.  river  water  to  ground  water  iHu<-uA  hi  to  s  t!» 

\*rr*ge»  14  4  to  7  »0 


•  Four  jear*. 

While  the  reduction  in  the  typhoid  rate  is  66  per  100,000,  that  in  the  general  death- 
rate  U  4  7  per  1,000  or  470  per  100.000,  or  seven  times  as  much.  Where  there  is  one 
lev*  death  from  typhoid  fever  there  are  six  less  from  other  causes. 

The  writer  believes  that  the  whole  of  the  reduction  in  the  typhoid  rate  should  be 
attributed  to  the  change  in  water-supply,  because  cities  similarly  situated,  which  have 
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I  their  supply  have  experienced  no  permanent  reduction  in  their  typhoid 
rate*  With  the  grarrat  death-rate  the  case  k  different.  Improved  general 
ms  have  reduced  the  death-rates  in  recent  years,  and  the  normal  reduc- 
tion in  a  ptrW  til  si*  \t*rs,  which  represent*  the  average  elapsed  time  between  the 
first  and  sevond  series  of  results,  would  account  for  a  part  of  the  reduction  in  the  general 

i^e  reduction  in  the  general  death-rate  between  ifioo  and  iqoo  in  eighteen 
cities  Having  from  50,000  to  300.000  inhabitants,  in  New  England,  New  York,  and  New 
Jersey,  which  made  no  radical  change  in  their  water-supplies,  was  3.2S  per  1,000. 
Thb  j*  computed  from  the  Report  on  Vital  Statistics  in  the  United  States  Census  of 
tooo*  .\*Kuming  a  uniform  decrease  in  rate  in  the  interval,  the  average,  or  what  we 
may  call  the  t»rmal  reduction,  in  6  years  would  have  been  0.6  of  thb,  or  t  .37  per  jTooo. 
In  comparison  with  this,  in  nve  cities  where  the  water  was  radically  improved,  the 
i  in  the  same  nevtod  was  4  ■  4  p1^"  t  <  000+    The  resu  L  ts  ma\  be  tabu  La  ted  as 

Death  Rate  per 
roo,ooo  Living 

Reduction  in  total  death-rate  in  five  cities  truth  the  introduction  ti  a  pure  water- 

wpply  *.   440 

Normal  reduction  due  to 


Difference,  being  decrease  in  deaihnle  attributable  to  change  in  water  supply  ...  303 

Of  this,  the  reduction  in  deat!  r*«d  fever  wai  ........  71 

Leaving  deaths  from  other  causes  anribniabte  to  change  in  water  supply   33a 

This  computation  indicates  that  where  one  death  from  typhoid  fever  has  been 

avoided  by  the  use  oj  better  -water,  a  certain  number  of  deaths,  probably  two  or  three,  from 
other  causes  have  been  avoided.  [Italics  our  own.]  This  seems  the  clear  and  logical  con- 
clusion from  the  statistics.  It  is  not  easy  to  explain  how  the  water  is  connected 
with  the  deaths  other  than  those  from  typhoid  fever.  It  may  be  that  a  good  water- 
supply,  used  freely  and  with  confidence,  results  in  a  better  general  tone  in  the  systems 
of  the  population,  and  so  indirectly  to  a  lower  death-rate,  and  that  a  part  of  the 
reduction  is  represented  by  diseases  having  no  recognized  connection  with  the  quality  of 
the  water-supply  ("Trans.  Am.  Soc.  C.E.."  54D  pp.  151-53). 

The  quantitative  relation  thus  arrived  at  by  Mr.  Hazen  and 
italicized  above,  seems  to  us  to  deserve,  because  of  its  far-reaching 
importance,  some  special  designation.  We  have  therefore  ven- 
tured to  apply  to  it  in  our  preliminary  paper1  the  term  Hazen 's 
Theorem. 

Mr.  Hazen  further  added,  in  the  discussion  on  this  paper: 

The  writer  agrees  with  Messrs.  [E.  O.]  Jordan  and  G.  W.  Fuller  that  it  is  most 
important  that  further  study  be  made  of  the  effect  of  water-supply  upon  other  diseases 
than  typhoid  fever.  The  statistics  certainly  indicate  a  much  wider  influence  of  water- 
supply  upon  public  health  than  has  been  generally  admitted;  and  it  would  seem  as 
if  studies  might  be  made  to  ascertain  the  facts  more  definitely  (ibid.,  p.  251). 
.» Science,  August  14,  1008. 
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X.     OTHER  DATA  AND  DISCUSSIONS  BEARING  ON  THE 
GENERAL  SUBJECT. 

We  have  not  been  able  to  find  later  than  the  formulation  in  1904 
of  Hazen's  theorem  any  definite  advance  in  the  analysis  of  the  under- 
lying Mills  Rcincke  phenomenon  or  any  attempt  at  a  general  proving 
of  the  theorem  itself.  It  enunciation  has,  however,  caused  occa- 
discussion  and  called  forth  some  confirmatory  data  from 
quarters*  Without  attempting  to  quote  all  such  data  and 
>ns  we  shall  summarize  the  more  important. 
Professor  Edwin  O.  Jordan,  in  the  discussion  on  Mr.  Hazcn's 
St.  Louis  paper t  made  the  following  remarks: 

Mr.  Ihurn1*  lomputation  which  indicates  that,  in  addition  to  the  reduction  in 
ath*  Ironi  typhoid  fever,  there  «««urs  a  similar  reduction  in  deaths  from  other  cause*, 
and  that  this  slso  is  attributable  to  a  change  in  the  water-supply,  is  certainly  very  UTta- 
inn-  'Inhere  w  one  suggestion  which  the  writer  would  like  to  otier  etincerning  a  ftmUk 
1  of  I  hi*  circumstance. 
It  U  well  known  that  the  obscure  character  and  variable  symptomi  nf  certain 
»  of  typhoid  foer  Lead  not  uncommonly  lo  a  mistaken  diagnosis.  There  is  no 
that  in  every  cun-Uderable  body  of  vital  fctaiistic*  *jrne  caves  of  genuine  typhoid 
are  reported  under  other  names.  It  need  hardly  I*  «aid  that  this  is  particularly 
r  as  reganis  the  deaths  reported  under  the  captions  M  typho- malaria  I  fever/'  malarial 
r,"  and  timilar  designations.  In  the  Northern  United  Slates,  the  majority  "I  lite 
these  heading*  are  deaths  fn>m  typhoid  fever.  The  effect  of 
>  thi*  pi^int.  In  the  city  of  Albany,  N,Y.,  there  were  death* 
under  the  heading  "malarial  diacaseV'  in  the  four  yean,  iSoi-***,  and 
>  m  the  four  \ears,  180,5-08,  while  for  the  four  years  following  nitration  {iqoo- 
1003).  there  werr  but  twr.  deaths  under  the  same  head. 

It  must  be  remembered  also  that  a  market  I  improvement  in  method:*  of  diagnosis 
1  i  t>  phoid  fever  ha*  taken  place  during  the  last  decade.  One  result  of  thi*  has  lieen  that 
formerly  reported  as  mcurrtng  from  other  tauseft  are  now  correctly  reported 
\  ,jue  to  typhoid  fever.  This  transfer  to  the  column  of  typhoid  deaths  naturally  dimin- 
iej*>rted  from  general  c*u*es  and  must,  at  leaM,  |*rtly  ei  plain  the 
by  Mr  Uaxen.  It  may  also  aerve  to  explain  why  the  apparent 
a  death*  from  typhoid  fever  is  ftonietimr*  le*»  than  would  Ik  reasonably 
The  suggestive  tacts  brought  out  in  the  paper  indicate  that  other  items 
the  reported  deaths  in  official  health  re  port*  mi^ht  repay  rami  nation  i*'  Trans. 
Am.  Soc  54D,  pp.  106,  J07), 

Three  years  later  the  phenomenon  observed  at  Lawrence  by 
Mr.  MiUs  was  referred  to  in  a  paper1  by  Mr.  H-  \V.  Clark,  who 
tailed  attention  to  a  similar  decline  following  the  introduction  of 
filtration  at  Albany,  N.Y. 
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On  November  6(  1907,  Mr.  Edward  E-  Wall,  in  a  paper1  presented 
before  the  American  Society  of  Civil  Engineers,  wrote  as  follows: 

Allen  Him  M  Am ,  Soc,  t\E.(  estimates  that  where  one  dcmUb  torn  uykuid 
hit  been  avoided  thmugh  ad  improved  water-aupply  protatilj  two  or  three  deatja 
from  other  dllliie*  have  lx*cn  a  voided,  lilt  folio  wing  record  seems  to  jitofintt  a 
higher  proportion  of  dec  reuse  than  Mr,  Ihwen's  estimate  Would  give; 

ANNUAL  MOH  l  \l  JTY  kiCoRli.  SI.  LO10S,  MO,,  Tooe^ioor«.  FROM  DISEASE  AJjONX 

1Q<    I  JO.  |JO 

Mr.  MilK\  observation  of  the  phenomenon  at  Lawrence  was 
again  referral  u*  l»j  Mr,  Stephen  DeM.  Gage  in  the  discussion  on  a 
paper  on  filter  operations  at  Lawrence,  Mass.,  presented  by  Messrs, 
M.  Knowtoi,  II.  R  Collins,  and  A-  D.  Marble  before  the  New  Eng- 
land Water  W  ork!,  Association,  February  12,  1908: 

hi  Addition  n  v»t*  nuicrml  reduction  lias  occurred  in  the  total  death  race  of  the 
city,  a  reduction  no  diflVrcnl  In  character  from  thai  gradual  decrease  due  to  increased 
appreciation  «»f  nmni,i|Ml  ,itnt4iiHH  wlu<  \\  Un*  La  ken  plate  throughout  the  State  of 
MAMAchuftctti  Ami  IblfeHlfflg  cfctttfj  the  introduction  of  filtered  water  that  it  can  onJy 
hv  explained  in  Ittl  II  iUtN|  "!  r°  tnr  improvement  in  water-supply  (uJour.  X.E,  Water 
Works  AsMt.,"  jj.  |>. 

Mr.  (iage  accompanied  his  statements  with  a  diagram  showing 
the  decline  in  the  typhoid  fever  death-rate  and  in  the  total  death-rate 
at  Lawrence  for  the  period  1880-1005. 

Finally,  as  the  only  other  reference  we  have  been  able  to  discover, 
we  may  record  the  observation  based  on  statistics,  by  Mr.  E.  L. 
Grimes,  City  Engineer  of  Troy,  N.V.,  and  reported  at  the  same  meet- 
ing, that  following  the  extension  and  sanitary  improvement  of  the 
watt  r  supply  of  that  city  there  occurred  a  distinct  decrease,  not  only 
in  the  deaths  from  typhoid  fever,  but  also  in  the  deaths  from  cholera 
infantum,  diarrhea,  diseases  of  the  digestive  organs,  and  of  children 
under  five  years  of  age.2 

XI.     A  RECAPITULATION  OF  THE  LITERATURE,  AND  A  BRIEF  OUTLINE 
OF  THE  WORK  OF  THE  AUTHORS. 

A  review  of  the  foregoing  sections  leads  irresistibly  to  the  conclu- 
sion that  Messrs.  Mills,  Reincke,  and  Hazen,  in  their  observations 

•  "Water  Purification  at  St.  Louis,  Mo.,"  Trans.  Am.  Soc.  C.E.,  60,  p.  182. 
»  Jour.  N.E.  Water  Works  Assn.,  22,  p.  183. 
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and  studies  already  descrilied,  have  brought  to  light  phenomena 
of  the  very  first  importance  in  sanitary  science.  There  appears  to 
be  no  escajx'  from  the  conclusion  that  the  purification  of  |x>llutcd 
public  water  supplies  reduces  the  general  death  rate  much  more  than 
it  would  be  reduced  by  the  saving  of  deaths  from  the  commonly 
recognized  water  borne  diseases,  typhoid  fever  and  Asiatic  cholera, 
alone.  The  question  naturally  arises,  to  what  extent  is  the  general 
death  rate  reduced?  And  this  simple  question  Hazcn's  theorem 
undertakes  to  answer  Another  question  which  naturally  arises 
Ls>  in  what  particular  diseases  does  this  reduction  take  place?  And 
this  question  w  e  ->hall  nur^hi-v  undertake  to  answer. 

As  yet  very  few  students  of  public  health  science  are  aware  of  the 
extent  of  the  studies  of  Reincke  and  Mills,  and  no  one.  so  far  as  we 
know,  has  hitherto  undertaken  any  thorough  confirmation  of  their 
results.  We  have  therefore  ventured  to  make  a  study  of  this  kind. 
hr>t  critically  examining  all  the  evidence  in  our  possession  relating 
to  the  Mills  Reincke  phenomenon  and  Ha/en's  theorem;  and  then, 
having  found  the  latter  sound  and  conservative*  passing  on  to  the 
study  of  fresh  examples,  to  test  its  sco|>e  and  range. 

Following  the  historical  development  of  the  subject  we  have  natu- 
rally begun  with  the  data  afforded  by  the  city  of  Hamburg. 

XII.     A    GRAPHICAL    DEMONSTRATION    AND    DISCUSSION,    BY  THE 
AUTHORS,  OF  THE  HAMBURG  PHENOMENA 

As  a  detailed  demonstration  of  the  mortality  phenomena  before 
and  after  the  introduction  of  filtration  at  Hamburg  we  have  taken 
statistics  from  the  Sanitary  History  of  Hamburg  in  the  Nineteenth 
Century  **  and  plotted  from  them  in  Chart  2  the  curves  for  certain 
imj*>rtant  causes  of  death.  On  the  vertical  lines,  corresponding  to 
the  middle  of  each  year,  are  plotted  the  average  annual  death  rates. 
The  i*riod  of  unnltered  water  is  indicated  by  the  heavy  black  bars 
Uginning  on  the  left  and  crossing  more  than  one  half  the  diagram. 
The  period  of  filtered  water  supply  is  indicated  by  the  clear  spaces 
following  these  heavy  black  bars.  The  Male  employed,  it  must  he 
observed,  is  the  same  for  all  the  curves  except  the  two  lowest,  thus 
facilitating  comparisons.  In  order  to  wive  space,  the  unused 
portion  of  the  scale  Wow  each  curve  except  the  uppermost  has 
been  cut  off. 
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Hamburg  is  well  known  in  the  annals  of  sanitary  science  on 
account  of  its  great  Asiatic  cholera  epidemic  of  1892.  A  slow  sand 
filter  was  at  that  time  in  process  of  construction,  and  the  epidemic 
of  cholera  caused  a  precipitate  activity  in  construction  which  resulted 
in  the  rapid  completion  of  the  filter  and  the  beginning  of  its  operation 
in  May,  1893.  A  brief  description  of  the  water-supplies  of  Hamburg 
and  the  neighboring  city  of  Altona  is  given  by  Dr.  Reincke  in  his 
Annual  Report  for  1892  and  translated  by  Mr.  Hazen  in  an  appendix 
to  his  "Filtration  of  Public  Water-Supplies."  A  fuller  account  is 
given  in  the  "  Sanitary  History  of  Hamburg  in  the  Nineteenth  Cen- 
tury." We  need  only  recall  that  previous  to  the  introduction  of 
filtration  in  Hamburg  the  public  water-supply  was  taken  from  the 
(tidal)  Elbe  River  at  a  point  about  four  miles  above  the  outfalls  of 
the  main  trunk  sewers  of  Hamburg  and  Altona.  In  1893  the  intake 
was  moved  about  a  mile  farther  upstream,  and  while  the  river  at 
these  points  was  probably  not  ordinarily  heavily  polluted,  Dr. 
Reincke  brings  conclusive  evidence  (quoted  by  us,  pp.  495-97, 
500-503)  to  show  that  at  certain  times  of  high  tide  and  low  river 
the  sewage  of  Hamburg  and  Altona  was  driven  upstream  and  came 
at  such  times  directly  to  both  intake  points.  By  filtration  the 
effects  of  the  pollution  from  this  source  have  been  eliminated. 
As  the  diagrams  of  death-rates  in  Chart  2  speak  for  themselves, 
we  need  comment  on  them  only  briefly. 

From  the  first  curve  it  will  be  seen  that  the  typhoid  fever  death- 
rate  fell  from  an  average  of  about  30  in  the  five  years  prior  to  1893 
to  a  rate  after  filtration  of  less  than  10  per  100,000. 

In  inflammatory  diseases  of  the  respiratory  organs  there  was  an 
extraordinary  drop,  and  the  rates  from  this  cause  of  death  have  con- 
tinued on  a  much  lower  level  since  1893.  The  fall  in  the  mortality 
from  these  diseases  is  so  striking  that  we  have  continued  the  computa- 
tion of  the  rates  for  a  few  years  beyond  the  last  date  shown  in  the 
plate,  and  have  found  that  the  low  level  assumed  after  introduction 
of  filtration  was  steadily  maintained.  The  following  rates  are  com- 
puted from  data  from  the  Imperial  Health  Office  Bulletin,  "Sterbe- 
falle  im  Deutschen  Reiche";  for  1901,  228;  1902,  215;  1903, 
196;  1904,  188;  and  may  readily  be  added  by  the  reader  if  he 
so  desires.    (To  avoid  misunderstanding  of  the  method  of  plotting 
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we  must  again  caution  the  reader  that  the  unused  scale  below 
thb,  Jta  bdow  subsequent  curves,  has  been  cut  on7 

Pulmonary  Uilmvuloai&,  which  had  been  gradually  declaring 
for  ten  wars,  showed  a  somewhat  greater  rate  of  decline  for  the  year 
follow! m:  the  mn  induction  of  filtration.  Whether  the  purification  of 
the  water  supply  played  any  considerable  part  in  this  we  are  unable, 
from  the  Hamburg  data  alone,  to  determine,  but  our  studies  in  later 
section*  of  this  jwjvr  on  Lawrence  and  Lowell,  Massachusetts,  give 
good  r  Mm  i  --uppo^iig  thai  at  Hamburg  also  the  purification  of 
the  water  atipply  had  a  certain  effect  in  lowering  the  mortality  from 
phthisic 

The  title  "diarrhea  and  gastrointestinal  diseases/'  as  used  in 
Chart  ||  correspond*  to  the  German  Durtkfali  and  Breehdurch/atL* 
The  cur vi  for  this  cause  of  death  shows  very  strikingly  the  influence 
of  the  i" ha  11  Re  to  ;i  purified  water-supply*  From  an  average  rate 
Immediately  before  lilt  ration  of  about  300  it  dropped  suddenly 
by  a  full  hull",  II  which  level  it  has  since  continued  to  1900.  We 
are  forcibly  reminded  of  Dr.  Reincke's  remark,  already  quoted, 
that  "  in  no  oilier  diseases  did  the  favorable  influence  of  the  better 
water  supply  introduced  in  1803  stand  out  so  clearly  as  in  these." 

The  curve  for  the  death-rate  of  children  under  five  years  of  age 
shows  a  similarity  to  that  for  diarrhea  and  gastro-intestinal  diseases, 
including  as  it  docs  a  large  number  of  deaths  from  the  latter.  Thus 
the  drop  in  1804  and  the  continued  lower  level  of  subsequent  years 
is  seen  in  a  degree  which,  when  the  difference  of  the  scales  is  taken 
into  account,  is  as  striking  here  as  in  the  curve  just  above.  A 
considerable  share  of  this  mortality  is  also  contributed  by  inflamma- 
tory diseases  of  the  respiratory  organs,  and  a  certain  similarity  between 
the  two  curves  may  readily  be  traced.  We  again  call  attention  to 
the  fact  that  the  scale  in  this  diagram,  like  all  the  others  in  the 
chart  except  the  topmost,  is  not  extended  fully  to  the  true  base  line. 

Finally,  the  diagram  for  total  death-rate  minus  typhoid  component 
illustrates  strikingly  that  drop  following  the  introduction  of  filtra- 
tion which  we  have  named  the  Mills-Reincke  phenomenon,  as 
observed  at  Hamburg  by  Reincke.  It  is  at  once  seen  how  sudden, 
how  great,  and  how  permanent  was  the  reduction  in  this  death-rate. 


1  Set  note,  ]>.  404. 
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The  rale  hud  reached  a  minimum  in  1900,  and  was  on  its  way  up 
again  when  the  influence  of  filtration  came  into  play.  How  great 
numerically  the  reduction  actually  was,  and  how  far  it  is  to  be 
attributed  to  the  purification  of  the  water-supply,  is  discussed 
Wow. 

In  order  to  carry  the  graphical  demonstration  still  farther,  we 
have  plotted  in  Chart  3  the  death-rates  for  age-groups  which 
r  ites  art-  rei  k<»ned  more  an  urately-  on  the  population  in  each  agc- 
group  than  on  (he  total  population.  The  Mills-Reincke  phe- 
nomenon is  here  seen  to  affect  all  age- groups— that  under  one  year, 
however,  most  notably.  This  is  evidently  to  be  accounted  for 
very  largely  by  the  relation  of  water-supply  to  diarrheal  and  gastro- 
intestinal diseases,  as  explained  by  Dr,  Reincke  (sees,  iv  and  v). 
00  |>er  cent  of  these  diseases  having  occurred  among  infants  under 
one  year  of  age  and  constituting  about  one-quarter  of  the  whole 
mortality  of  the  latter. 

Thus  from  Charts  2  and  3  it  is  seen  that  all  of  Dr.  Rcincke's  state- 
ments on  the  decline  in  total  death-rate,  in  infant  mortality,  and  in 
the  other  diseases  mentioned  by  him  are  fully  substantiated.  More 
than  that,  the  data  afford  a  basis  for  going  somewhat  beyond  his 
statements,  which,  as  we  shall  show,  were  characterized  by  much 
caution. 

It  may  be  objected  that  there  were,  j  possibly,  at  the  time  under 
consideration,  declines  in  the  total  death  nit es  of  (terman  cities  in 
general;  in  order,  therefore,  to  show  the  extraordinary  character  of 
the  drop  at  Hamburg  we  present  the  table  on  p.  510  for  the  ten 
largest  cities  of  Germany  (according  to  the  Census  of  i8go),  show- 
ing their  average  total  death-rates  for  two  periods  of  three  years 
each,  before  and  after  the  cholera  years  and  introduction  of  filtra- 
tion at  Hamburg,  the  corresponding  typhoid  fever  rates  also  Wing 
given. 

It  is  at  once  evident  how  remarkable  the  reductions  were  at  Ham 
burg,  both  tn  typhoid  fever  and  in  the  total  death  rate.  Taking  the 
typhoid  fever  rate  as  an  index  of  quality  of  water  supply,  Hamburg  ta 
shown  to  have  been  much  worse  off  than  any  other  city  during  the  first 
period.  In  the  second  jieriod  all  show  declines,  but  that  in  Hamburg 
Hands  far  a1x>ve  them  all,  having  been  six  times  as  great  as  the  average 
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for  the  other  nine  cities.  In  total  death-rate  the  drop  at  Hamburg 
is  much  greater  than  that  of  any  other  city,  and  over  four  times  as 
Kreat  a*  that  of  the  other  nine,  and  this  over  and  above  the  results 
of  sanitary  improvements  going  on  in  the  other  cities, 

table  * 
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Ecftri*  f«r  the  whole  llunbttTf  dtttrict  <A*o*/>. 

Several  questions  naturally  arise  at  this  point.  How  great  was 
the  reduction  at  Hamburg,  not  only  in  the  total  death  rate,  but  also 
in  the  specific  diseases?  And  what  causes  contributed  most  to  the 
total  reduction?  In  answer  to  these  questions  we  submit  in  the 
table  on  p.  520  a  statistical  synopsis  which  we  have  made  of  the 
Hamburg  phenomena.  The  cholera  year  (189a)  and  year  of  intro- 
duction of  nitration  (1893)  are  omitted,  and  the  means  of  live  years 
before  and  five  years  after  are  computed,  so  as  to  be  comparable 
with  our  studies  of  Lawrence  and  Lowell  in  sec.  xvi. 

Of  the  total  reduction,  i.e.,  in  the  general  death  rate,  we  find  that 
the  chief  comjxments  for  srweific  raises  of  death  are  as  follows:  19 
per  cent  contributed  by  diarrhea  and  gastrointestinal  diseases; 
15  |ier  cent  by  inflammatory  diseases  of  the  respiratory  organs;  li  per 
by  phthisis;  8  per  cent  by  diphtheria;  6  per  cent  by  typhoid 
;  and  40  per  cent  by  other  causes  of  death.  Viewing  the  total 
reduction  from  the  standpoint  of  age  of  decedents,  we  find  that  38 
per  cent  falls  in  the  infant  mortality  under  one  year  of  age  (aa 
on  the  total  {Herniation 
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To  sum  up  the  Hamburg  phenomena,  we  return  again  to  the  strik- 
ing demonstration  of  the  Mills-Reincke  phenomenon  as  observed  there 
by  Dr.  Reincke.  This  consisted  in  a  sudden  and  permanent  drop  in 
the  total  death-rate  minus  typhoid  component  in  1893, an  effect  observ- 
able even  in  the  rate  for  that  year.  The  whole  trend  since  1872  of 
all  the  curves  which  we  have  exhibited,  with  the  exception  of  that  for 
pulmonary  tuberculosis,  was  changed,  each  one  pitching  rapidly  and 
immediately  downward  and  assuming  a  distinctly  lower  level  there- 
after. We  refer  again  to  Dr.  Reincke's  comments  on  these  phenomena 
as  summarized  in  the  preceding  pages.  We  may  here  anticipate, 
and  say  that  after  our  studies  on  other  cities  set  forth  in  the  following 
sections,  we  shall  be  forced  to  conclude  that — except  in  respect  to 
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and  gastrointestinal  diseases  and  the  recognized  water- 
borne  diseases,  typhoid  fever  and  Asiatic  cholera — Dr.  Reincke 
attributed  to  the  purification  of  the  public  water-supply  much  less 
than  its  true  share  in  the  remarkable  reduction  in  the  total  and 
specific  death-rates  of  Hamburg. 

XIU.     GRAPHICAL   DEMONSTRATION   ANT)   DISCUSSION   OF  THE 
LAWRENCE  PHENOMENA 

We  have  made  a  careful  study  of  the  vital  statistics  of  the  city 
of  Lawrence,  where  the  Mills- Reincke  phenomenon  was  first  observed 
Mr.  Mills,  following  the  introduction  of  filtration  in  1893.  In 
addition  to  Lawrence  we  have  taken  Lowell,  Mass.,  where  the  public 
water  supply  was  also  purified  about  the  same  time  by  a  different 
method,  i.e.,  substitution  of  unpolluted  ground-water  for  polluted 
river  water.  Finally,  we  have  taken  the  city  of  Manchester,  N.H., 
as  being  in  every  important  respect  similar  (as  wc  shall  show)  to  the 
two  cities  just  mentioned  and  therefore  an  excellent  norm  for  compari- 
son. For  all  of  these  cities  accurate  vital  statistics  arc  fortunately 
obtainable  We  have  based  our  computations  upon  substantial 
foundations,  viz.,  the  populations  given  by  the  L'  S.  Census  for  J&80, 
1800.  ami  100a  and  the  Massachusetts  Stale  Census  for  1885,  1895. 
and  1905,  computing  the  populations  for  the  intermediate  years  by 
the  *  arithmetical"  method  of  the  U.S.  Census.1  The  possibility 
of  important  errors  arising  from  this  method  of  computing  popula- 
tions for  intcrcensal  years  will  be  discussed  in  section  xviii. 

The  cities  of  Lawrence,  I«owcll,  and  Manchester,  all  manufac- 
turing cities  devoted  chiefly  to  textile  industries,  arc  situated  in  the 
valley  of  the  Merrimac  River,  a  large,  swift  stream  draining  a  con- 
siderable portion  of  southern  New  Hampshire  and  northern  Massa- 
chusetts. The  first  two  cities  are  especially  well  known  through  the 
>  on  typhoid  fever  made  there  by  the  Massachusetts  State  Board 
Health,  and  published  in  the  Rej*>rt  of  the  Roan!  for  1892.  The 
three  cities  are  so  similar  in  size,  character  of  population,  industry, 
and  climatic  conditions,  that  they  art4  [Kirttcularly  favorable  for  pur 
of  sanitary  comparison.  Three  cities  more  similar  in  almost 
respect  could  hardly  be  found  elsewhere.    In  otic  important 
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irticular.  however,  they  have  differed— vit.  in  their  watetvsuppltes 
and,  as  wo  shall  sec  below,  this  fact,  in  connection  with  their 
ftc  similarity  in  other  respects  makes  their  experience  almost 
ivalent  to  a  laboratory  experiment.    Lawrence,  previous  u> 
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♦  From  Mnssai  husetls  Slate  Registration  Reports,  except  last  four  columns,  which  are  from  Reports 
of  Lawrence  Hoard  of  Health.  For  certain  of  the  less  important  causes  only  the  period  1888-1002  inclu 
nlve  has  been  taken,  the  space*  for  the  remaining  years  being  left  blank.  Total  deaths  in  this  and 
subsequent  Tables  0  and  11  are  exclusive  of  stillbirths. 

f  Census  years.  U.S.  Census  on  the  even  decades;  State  Census  at  the  intermediate  fifth  year. 
Other  populations  interpolated  by  the  "arithmetical"  method. 

t  Title  discontinued  in  State  Reports. 

1893,  had  taken  its  water-supply  directly  from  the  polluted  Merri- 
mac  River  only  nine  miles  below  the  sewers  of  Lowell,  but  intro- 
duced in  that  year  slow  sand  filtration;  Lowell  changed  in  the  years 
1894  and  1895  from  the  same  polluted  river  to  a  pure  ground- water; 
while  Manchester  had,  throughout  the  period  which  we  shall  con- 
sider a  surface-water  supply  of  good  quality. 
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Thr  statistics  for  Lawrence  for  the  period  which  we  have  studied 
given  in  Tables  6  and  7* 
From  these  figures  we  have  plotted  upon  diagrams  shown  in  Chart 
4  the  death  rates  from  various  causes  in  I-awrence  from  1883-1895 
inclusive-  a  period,  that  is  to  say*  including  the  year  of  the  sudden 
change  from  an  unaltered  to  a  filtered  water-supply,  and  covering 
the  10  years  before,  and  12  years  aftert  that  event 
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The  method  of  plotting  is  the  same  as  that  in  the  chart  for  Ham- 
burg* the  vertical  lines  upon  which  the  rates  are  plotted  representing 
the  middle  of  each  year,  and  the  jktukI  of  the  use  of  un filleted  Mcrri- 
mac  River  water  being  shown  by  a  black  bar  running  to  September, 
tSoj,  when  filtration  was  introduced.  The  scale  employed  is  the 
»»me  for  all  curves  except  the  lowest;  and,  in  order  to  save  space. 
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the  unused  portion  of  the  scale  below  each  curve  has  been  cut  off, 
so  that  no  base  lines  are  shown. 

If  we  now  proceed  to  analyze  the  different  curves*  wc  find  that 
typhoid  fever,  which  reached  epidemic  proportions  of  large  magnitude 
in  189a  declined  even  before  the  introduction  of  the  filter,  as  might 
naturally  have  been  expected;  but  immediately  afterward  sank 
lower  than  for  many  years,  and  has  since  remained  on  a  comparatively 
low  level. 

The  curve  for  pneumonia  is  particularly  interesting  and  striking, 
for  it  shows  that  this  disease  previous  to  1893  had  been  rising  by 
lrajis  and  bounds  most  of  the  time  since  1885,  and  hail  reached  very 
large  pro|x)rtions  in  1893.  With  the  introduction  of  a  purer  water 
supply  pneumonia  immediately  fell  back  to  a  [joint  lower  than  it  had 
shown  since  1889;  and.  altho  it  rose  again  somewhat,  remained  on 
a  comparatively  low  average  for  the  next  10  years. 

Pulmonary  tuberculosis  was  falling  rapidly  prior  to  the  introduc- 
tion of  filtration,  and  continued  to  fall,  tho  more  slowly,  afterward. 
Altho  in  the  curve  any  decline  in  phthisis  consequent  on  water 
purification  is  so  obscured  by  the  effect  of  improvement  in  all  sorts 
of  other  sanitary  conditions  that  it  cannot  be  directly  demonst rated, 
nevertheless,  as  we  showed  in  our  paper  entitled  "An  Apparent 
Connection  between  Polluted  Public  Water-Supplies  and  the  Mor- 
tality from  Pulmonary  Tuberculosis"  (referred  to  above,  p.  491). 
a  distinct  effect  of  the  filtration  of  the  water-supply  appears  in  this 
disease  also.  The  evidence  upon  which  this  conclusion  is  based— 
a*  will  be  seen  by  reference  to  the  above-mentioned  paper,  or  to 
sec.  xvi  of  the  present  paper  where  the  same  data  are  presented— 
i»  drawn  from  an  analytical  comparison  with  Manchester  (vide 
supra)  as  a  norm. 

The  curve  fur  bronchitis  shows  no  noteworthy  phenomena 
beyond  the  lowncss  of  the  rates  for  1893.  1894.  and  1&95  as  com- 
pared with  the  three  years  next  preceding,  For  this  disease  also  a 
ctimjiarison  with  some  other  city  such  as  Manchester  as  a  control 
ts  required  and  is  given  beyond. 

Cholera  infantum,  which  was  quite  hi^h  for  several  years  before 
the  introduction  of  filtration,  was  somewhat  lower  for  a  numb**  *A 
yemn  afterward. 
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When  we  come  to  the  curve  at  the  bottom  of  the  chart  we  find 
a  striking  demonstration  of  the  Mills-Reincke  phenomenon. 
For  we  see  that  during  the  four  years  previous  to  the  introduction  of 
filtration  the  total  death-rate  had  been  very  high,  sometimes  a  little 
exceeding  and  sometimes  falling  a  little  below  24  per  1,000,  a  figure 
of  notable  height  even  if  all  the  typhoid  fever  deaths  had  been  included, 
Neglecting  the  year  1893,  inasmuch  as  this  was  a  year  characterized 
partly  by  polluted  and  partly  by  purified  water-supply,  and  beginning 
with  1894,  we  observe  a  most  remarkable  and  extraordinary  drop,  a 
drop  all  the  more  surprising  and  convincing  since  the  death-rate  here 
shown  is  that  from  diseases  and  causes  of  death  other  than  typhoid 
fever.  This  curve  shows  apparently  even  more  clearly  than 
does  the  typhoid  fever  curve  itself  at  the  top  of  the  chart  the  striking 
effect  of  the  purification  of  the  public  water-supply. 


XIV.     GRAPHICAL  DEMONSTRATION  AND  DISCUSSION  OF  THE  LOWELL 

PHENOMENA 

We  now  present  a  graphical  demonstration  of  the  phenomena  at 
Lowell,  based  upon  statistics  which  have  the  same  secure  foundation 

as  those  for  Lawrence. 

This  city,  28  miles  below  Manchester,  and  12  miles  below  Nashua, 
N.H.,  both  the  latter  cities  and  several  others  at  greater  distances 
discharging  their  sewage  into  the  Merrimac  River,  used  the  polluted 
river  water  without  purification  until  1893.  In  that  year  deep  wells 
were  driven  and  the  new  water  was  introduced  into  the  city  mains 
along  with  the  old.  The  supply  of  ground-water  was  gradually 
increased  until  1896,  when  the  river  water  was  entirely  shut  off.  The 
following  table  shows  the  progress  of  the  substitution  of  pure  water 
for  polluted: 

TABLE  8. 

Average  Consumption  of  River  Water  and  of  G round-Water  in  Lowell.* 


Year 


I     Total  Consumption 
I  (Million  Gals,  per  Day) 


River  Water 
(Percentage  of  Total) 


Ground- Water 
(Percentage  of  TotaJ) 


1802. 
1803. 
1804. 
1805- 
1806. 
1897. 


65 
33 


9 
35 
67 
06 
100 


♦Computed  from  diagram  in  Annual  Report  of  Lowell  Water  Board,  /or  i8q6.  The  first  well 
water  was  pumped  September  16,  1893.  The  river  water  was  finally  shut  off  February  22,  1896.  Thus 
1893  was  essentially  the  last  year  of  the  old  supply,  and  1896  the  first  year  of  the  new. 
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The  statistics  upon  which  we  have  based  our  studies  of  Lowell 
arc  presented  in  Tables  9  and  10. 
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Frum  these  figures  the  plots  in  Chart  5  have  been  constructed, 
These  show  the  death  rates  from  various  causes  for  a  number  of  year*, 
a*  for  I^awrrnce,  Ix^fore  and  after  the  purification  of  the  water  supply, 
ing  two  U.S.  Censuses  and  three  slate  Censuses.  Here,  a*  at 
wrrnce,  we  have,  therefore,  a  substantial  Isasis  for  population 
Ustics.  The  method  of  plotting  is  the  same  as  for  Hamburg  and 
Lawrence.  The  gradual  substitution  of  undiluted  for  polluted 
water  is  represented  by  the  tapering  j«rtion  of  the  black  bar.  The 
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HIM  stale  is  used  for  all  curves  except  the  bottommost*  and  here 
again  the  di*gT*m*  have  t>ccn  cut  off  so  that  no  base  lines  appear 
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t  Kpidemic  August,  iooj.  due  to  check-valve  accident. 
X  Title  discontinued  in  report*. 

Changed  from  raw  river  water  to  deep  wells.  First  ground-water  pumped  September,  1893.  River 
water  finally  shut  off  February,  iSgft. 

Beginning  with  the  curve  for  typhoid  fever,  we  find  that  here,  as 
at  Lawrence,  the  mortality  had  been  subsiding,  as  was  to  be  expected 
after  the  epidemic  proportions  of  1890;  but  sank  still  lower  in  the 
years  of  introduction  of  ground-water,  remaining  since  at  a  compara- 
tively low  level. 

Pneumonia,  which  had  been  on  the  whole  rising,  distinctly  tho 
irregularly  for  many  years,  exhibits  the  striking  phenomenon  of  an 
immediate  drop  from  the  high  point  which  it  had  reached  in  1893. 
The  comparatively  low  level  to  which  it  now  descended  was,  moreover, 
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general  maintained,  thu  with  certain  fluctuations,  up  through 
last  year  shown. 

Pulmonary  tuberculosis  had  been  declining  steadily  prior  to  1804, 
from  the  curve  no  influence  of  purification  of  water-supply  can 

demon  -  H  .Mni,  but  that  in  this  disease  also  the  benefits  of  the  better 

ter  were  fett  is  clearly  indicated  by  the  analytical  study  in  our 
contribution  to  the  volume  "  Tuberculosis  in  Massachusetts'4  {referral 
to,  p.  491  above)  and  by  later  study  in  sec,  xvi  of  the  present  paper. 

Bronchitis  had  been  rising  rapidly,  up  to  the  critical  years  1894 
and  1895,  but  at  thi*  time  the  whole  trend  of  the  curve  was  reversed, 
a  distinct  fall  setting  in  more  rapid  at  first,  and  later  settling  gradu- 
ally to  the  comparatively  low  level  maintained  for  the  last  seven 
ye;  i  s  of  the  period. 

One  of  ihe  most  striking  effects  is  seen  in  cholera  infantum,  which 
halt  been  on  the  increase  for  some  years  before  introduction  of  ground 
waiter,  but  immediately  afterward  showed  a  rapid  descent,  Unfor 
tuna  t  el  y  reliable  data  for  1901  ff,  were  not  available,  but  these 
years  are  less  important  than  the  years  immediately  following 
purification. 

Finally,  we  discover,  as  at  Lawrence,  in  the  last  curve  of  the 
chart  an  extraordinary  demonstration  of  the  Mills-Reincke  phenome- 
non. The  total  death-rate  minus  typhoid  component,  which  had 
risen  as  high  as  27  and  had  scarcely  gone  below  the  excessive  rate  of 
24  in  the  seven  years  prior  to  the  critical  years  1894-95,  now  shows  in 
1894  the  surprising  drop  to  a  level  of  21,  sinking  in  subsequent 
years  even  lower. 

XV.     A  GRAPHICAL  DEMONSTRATION  OF  THE  PHENOMENA  AT  MAN- 
CHESTER, NEW  HAMPSHIRE,  A  CITY  HAVING  A  WATER- 
SUPPLY  OF  GOOD  QUALITY. 

As  a  control  or  norm  with  which  the  phenomena  at  Lawrence  and 
Lowell  may  be  compared  we  have  taken  Manchester,  N.H.,  a  city 
which,  as  we  have  already  stated,  is  in  all  important  respects  closely 
similar  to  Lawrence  and  Lowell.  This  similarity  may  be  demon- 
strated statistically  by  reference  to  the  U.S.  Census  for  1890  and 
1900  and  the  Massachusetts  State  Census  for  1895.  We  have  taken 
from  those  sources  figures  relating  to  age,  sex,  and  nativity  distribu- 
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lion,  and  occupations  of  the  (population,  which  not  only  demonstrate 
the  similarity  of  the  three  <  itie*  in  the  respects  stated  but  also 
the  fact  that  thr  three  censuses  show  no  significant  differences  in  the 
percentages.  It  is  a  well  known  faei  that  the  mortality  rates  of  com- 
munities may  be  considerably  atTectcd  by  the  age  distribution  of  the 
Imputation,  since  death-rates  arc  much  higher  for  the  very  young  and 
the  very  old.  The  death  rates  of  the  age-groups  under  five  years  and 
our  forty -five  years  are  usually  higher  than  that  of  the  whole  pop- 
ulation, whereas  the  death  rates  of  other  ages  are  lower,  tho  the 
limits*  may  vary  somewhat  for  different  cities.  By  reference,  for 
instance,  to  the  Massachusetts  State  Registration  Report  for  1895, 
we  ascertain  the  death  rale  for  that  year  for  the  whole  population  to 
be  19  01  per  1,000;  the  rate  for  the  age  group  under  five  years,  64; 
for  the  group  five  ten.  6;  for  succeeding  age  groups  up  to  fifty,  rates 
Irts  than  u),  but  for  all  grou|*s  above  fifty,  rates  higher  again  than 
that  for  the  whole  population.  Again,  as  is  well  known,  general 
death  rates  are  affected  to  greater  or  less  extents  by  distribution  accord* 
ing  to  sex,  place  of  birth,  and  occupations  of  the  population.  We 
therefore  present  without  further  comment  the  following  table: 
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Thus  the  above  statistics  confirm  and  supplement  the  knowledge 
ed  by  the  personal  familiarity  of  the  authors  with  these  three 
I  that  they  arc  in  all  important  respects  closely  similar 

The  statistics  upon  which  we  have  based  our  studies  of  Manchester 

!  presented  in  Tables  12  and  13. 
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*  From  N.H.  State  Registration  Reports,  except  last  four  columns,  which  were  kindly  furnished 
by  Dr.  Irving  A.  Watson,  State  Registrar  of  Vital  Statistics,  N.H.  For  certain  of  the  less  important 
causes  only  the  period  1888- 1002  inclusive  has  been  included,  the  spaces  for  the  remaining  years  being 
left  blank.    Stillbirths  are  excluded. 

t  Including  angina  pectoris,  embolism,  and  phlebitis. 

%  U.S.  Census  years.    Intermediate  populations  interpolated  by  the  "arithmetical"  method, 
f  Year  ending  March  31,  1883. 
$  Change  of  classification. 

From  these  death-rates  we  have  constructed  the  diagrams 
in  Chart  6,  using  the  same  method  of  plotting  as  for  Hamburg. 
Lawrence,  and  Lowell.  As  Manchester  had  a  water-supply  of  good 
quality  throughout,  there  are  no  black  bars. 
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Typhoid  fever  remained  at  a  fairly  low  level  throughout  the  period, 
and  this  was  to  be  expected  from  the  character  of  the  water-supply. 
This  curve  therefore  affords  a  valuable  background  for  viewing  the 
typhoid  fever  death  rates  of  the  other  two  cities. 
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Pneumonia  was  rising  steadily  tho  irregularly  until  1899,  and  at 
the  very  time  (1894)  whcn  Lawrence  experienced  an  extraordinary 
drop  in  pneumonia  and  Lowell  one  nearly  as  great,  the  rate  for  Man- 
chester had  risen  higher  than  it  had  ever  been  before  in  the  period 
comidered;  and  then  while  the  rates  at  Lawrence  and  Lowell 
remained  at  the  level  to  which  they  had  fallen,  that  it  Manchester, 
on  the  whole,  rose. 

For  pulmonary  tuberculotsi*  the  Manchester  curve,  like  those  fur 
the  other  two  cities,  was  throughout  the  period  falling  gradually, 
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Bronchitis,  like  pneumonia,  was  rising  at  Manchester  until  1897, 
while  at  Lowell  there  was  a  decline  in  this  disease  following  the 
introduction  of  ground-water.    At  Lawrence  the  decrease  in  bron- 
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had  already  set  in  before  filtration,  hence  without  the  further 
detailed  studies  which  we  present  in  sec.  ivi,  the  fact  that  Lawrence 
experienced  a  greater  decline  than  the  norm  cannot  be  readily  seen. 

In  cholera  infantum  the  t  urve  for  MamheMrr  is  highly  irregular, 
but  in  the  years  1894  and  1895,  when  thai  disease  had  dropped 
markedly  in  the  other  two  cities,  the  rate  for  Manchester  had  risen  to 
a  maximum. 

In  the  cune  for  total  death-rate  minus  typhoid  comj>onent  Man- 
chester shows  a  close  adherence  to  a  level  of  about  2,000  from  1H92 
to  1807,  thusomring  the  ]>eriod  when  Lawrence  and  Lowell  changed 
their  water-supplies  and  experienced  remarkable  drops  in  that  death- 
rate,  which  had  in  these  two  cities  Urn  at  a  much  higher  level 

We  shall  not  pause  here  any  longer  to  discuss  Lawrence  and  Lowell 
a>  compared  with  Manchester,  reserving  for  sec.  xvi  the  detailed  study 
of  the  comparative  relations  among  these  three  cities. 

XVI.     A  COMPVKATIVt  STUDY  OF  THE  DATA  DERIVE P  FROM  LAWRENCE, 
LOWELL*  AND  MANCHESTER. 

We  have  seen  in  sees.  xiii.  xh\  and  xv  that  both  at  Lawnnce  and 
at  Lowell  there  followed  immediately  uj*on  purification  of  the  water- 
supply  a  lasting  drop  in  the  total  death-rate  -a  drop  much  greater 
than  could  be  accounted  for  by  the  decrease  in  typhoid  fever  alone; 
while  the  total  death  rate  at  Manchester  showed  no  such  change, 
but  kept  steadily  on  the  same  comparatively  low  level 

The  drops  at  Lawrence  and  Lowell  we  shall  examine  somewhat 
more  closely  in  order  to  determine:  (0  the  extent  of  the  reductions 
in  their  total  death  rates  in  comparison  with  the  norm,  Manchester; 
and  (t)  what  causes  of  death  played  the  principal  part*  in  these 
reductions.  Throughout  we  shall  compare  Lawrence  and  Lowell 
with  each  other  and  with  the  norm.  Manchester, 

In  the  analysis  of  the  declines  we  have  first  taken  seven  chief 
cause*  of  death,  omitting  "accident,"  as  given  in  the  tables  of  the 
Massachusetts  State  Registration  Rej»ort  for  1S00.  These  are: 
phlhi*tst  causing  in  that  year  sjgi  death*;  pneumonia.  4,038; 
cholera  infantum,  2.491;  diphtheria  and  croup.  1.626;  bronchitis, 
1,533;  apoplexy,  1,301;  and  typhoid  fever.  835;  making  a  total  of 
7,615  deaths.    The  total  number  of  deaths  in  Massachusetts  for 


536  W.  T.  Sedgwick  and  J.  Scott  MacNutt 


the  year  was  43,528,  In  addition  to  this  list  we  have  taken  several 
important  general  headings  given  in  most  nosological  arrangements, 
in  order  to  include  diseases  of  all  the  general  classes,  viz.:  inanition, 
marasmus,  and  infantile  debility;  heart  disease;  old  age;  and  dis- 
eases of  the  kidneys.  The  sum  of  all  titles  a*bove  mentioned  formed 
50  to  60  per  cent  of  the  total  deaths  in  Manchester,  Lowell,  and  Law- 
rence, and  if  causes  of  death  other  than  disease  be  omitted,  the  per- 
centage is  somewhat  higher. 

It  may  be  objected  that  a  few  of  these  titles,  e.g.,  old  age,  are  too 
vague  to  serve  in  an  accurate  analysis,  and  the  objection  is  valid  so 
far  as  exact  and  absolute  determinations  of  mortality  are  concerned. 
For  purposes  of  comparison  of  the  rates  in  the  same  city  at  periods 
not  much  separated,  however,  the  indefiniteness  of  any  given  title 
does  not  greatly  affect  its  value  in  the  analysis.  The  limits  covered 
by  any  title  depend  upon  the  local  usage  of  the  medical  profession 
in  the  community  in  question;  and  as  such  usage  commonly  changes 
only  gradually,  year  to  year  comparisons  are  not  seriously  interfered 
with.  The  important  phenomena  considered  in  this  paper  are  sudden 
decreases  in  death-rates  taking  place  within  a  short  space  of  time. 

Mortality  statistics  for  the  various  causes  of  death,  illustrating 
the  phenomena  at  Lawrence  and  Lowell,  as  compared  with  the  norm, 
Manchester,  before  and  after  water-supply  purification,  are  given  in 
Tables  14  and  15.  By  the  use  of  averages  for  periods  of  five  years 
before  and  after,  a  safer  if  less  striking  view  of  the  facts  is  obtained. 

From  the  first  of  these  tables  have  been  plotted  Charts  7  and  8, 
which  largely  explain  themselves.  It  must  be  observed  that  the 
periods  of  five  years  each,  before  and  after  water-supply  purification, 
do  not  quite  correspond  for  Lawrence  and  Lowell,  so  that  the 
corresponding  Manchester  blocks  in  the  upper  and  lower  halves 
of  the  chart  do  not  represent  exactly  the  same  periods  for  that  city. 

These  diagrams  demonstrate  certain  points  which  do  not  clearly 
appear  in  the  curves  in  Charts  4  and  5,  one  of  the  chief  advantages 
being  that  the  movements  of  the  rates  in  Manchester,  the  norm,  are 
readily  seen  in  direct  comparison  with  those  in  the  other  two  cities. 
Thus,  for  example,  the  stationary  bronchitis  rate  at  Lawrence  is 
seen  to  be  actually  a  gain  because  that  at  Manchester  increased; 
a  point  which  does  not  appear  in  the  Lawrence  curve  alone. 
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In  order  that  the  actual  extent  of  the  decreases  in  death-rates  may 
be  determined,  reckoned  against  the  corresponding  changes  at 

TABLE  14. 

Mortality  Rates  from  Certain  Diseases  in  Lawrence,  Mass.  (as  Comfared  with  Manchester, 

N.H.),  BEFORE  AND  AFTER  WaTER-SUFFLY  PURIFICATION. 

Mean  annual  death-rates  (per  100,000)  for  five- year  periods  just  before,  and  just  after,  introduction 
trf  filtration  at  Iwiwrence. 
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*  Epidemic  in  1889.  when  the  rate  rose  to  391. 


TABLE  1* 

Mortality  Rates  from  Certain  Diseases  oc  Lowell,  Mass.  (as  Com  fared  with  Manchestkr, 

N.H.),  BEFORE  AND  AFTER  WaTER-SvFFLY  PlTTIFH  ATION. 

Mean  annual  death-rates  (per  100,000)  for  fire- year  periods  just  before,  and  just  after,  introduction 
of  ground  water  at  Lowell. 
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Manchester,  as  well  as  independently,  we  have  also  made  the 
computations  presented  in  Table  16. 

From  these  figures  it  is  seen  that  when  the  decreases  in  Manchester 
are  taken  into  account,  and  subtracted  algebraically  with  the  proper 
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feign*,  ju  normal,  from  those  in  the  other  two  cities,  the 
in  certain  ditease*  in  the  Utter  cities  stud  out  from  the 


DEATH   RATES  BEFORE  AFTER  PURIFICATION 

LAWRENCE  »■  cwtffo  wth  t*c  NORM  TmANCHESTErI 
LAWRENCE  MA88~ 

HES  TEM  tL  M  


1  ■■  r 

in  which  they  are  masked  when  only  the  actual  decreases  are  con- 
sidered,   Chief  among  these  diseases  are  pneumonia  and  bronchitis 
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Taking  up  first  typhoid  fever,  and  referring  to  Chart  7  as  well  as 
to  the  tables  just  given,  we  find  thai  the  rates  at  Manchester  from 
that  disease  show  the  good  and  unvarying  quality  of  the  water-supply 
there,  thus  demonstrating  the  city's  normality  in  that  respect  The 
great  drops  at  the  other  two  cities  following  water  supply  purification 
stand  out  clearly. 
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In  respect  to  pneumonia,  while  Manchester  rose  markedly  from 
148  to  iqo,  l*awrcnce  drop[>cd  from  the  high  rate  of  255  to  the 
normal  of  202.  Lowell  shows  a  similar  decrease.  In  both  cases 
the  closeness  of  the  rates,  after  improvement,  to  those  of  Manchester 
is  additional  evidence  for  the  conclusion  that  the  polluted  water  had 
caused  an  abnormally  high  rate,  which  declined  at  once,  on  the  removal 
of  the  pollution,  to  the  normal  level. 

Pulmonary  tuberculosis  was  decreasing  in  Massachusetts  and 
Sew  Hampshire  during  the  period  1800-1900.  The  diminution  for 
the  state  of  Massachusetts — shared  fully,  as  detailed  study  shows, 
by  cities  of  the  same  class  as  LftWMm  and  Lowell— is  indicated  by 
the  following  rates  per  100,000  from  the  state  registration:  for  iSqo, 


*5Mi  for  i^q^  jig;  and  for  lgoo,  185*  Similarly  in  New  Hampshire 
the  tuie>  arrv.  for  iSgo,  ^10;  for  1895,  177;  and  for  igoa  15& 
Ill  4  cwnparwon  of  Manchester  and  Lawrence,  both  cities  soow 
a  itrcrvaae,  but  that  in  Manchester  is  comparatively  small.  The 
ftoom&r  in  the  latter  is  what  might  be  expected  from  general  improve- 
■Hit  tn  sanitary  conditions.    Lawrence  starting  higher  came  down 

1  wit  the  level  of  the  norm,  Lowell  shows  the  same  phenomenon 
as  compaml  with  Manchester,  but  in  much  more  marked  degree, 
til  iu-tiul  figures*  Lawrence  shows  a  decrease  30  greater  than  the 
normal.  and  Lowell,  68  greater*  These  facts,  in  spite  of  many 
^implicating  factor*,  indicate  a  certain  amount  of  decrease  due 
I vi  the  change  in  water  supply  Phthisis  being  a  disease  of  slow 
ftvefopmcot  ami  oiu-n  Umz  postponed  fatality,  an  effect  on  the 
mortality  could  hardly  he  expected  to  appear  immediately  after 
ah  improvemtnl  bl  ^nr  rondiriun  kivnring  its  spread  or  fatality, 
and  where  mam  >uch  conditions  are  involved  the  effect  might  well 
be  aomewhai  I  ,  ured.  We  w  ish  therefore  to  emphasize  particu- 
larly the  evidence  here  given  that  both  at  Lawrence  and  at  LoweB 
there  were  decreases  in  pulmonary  tuberculosis  following  water- 
supply  purification  considerably  greater  than  the  corresponding 
normal  decreases  at  Manchester,  as  this  point  is  not  distinctly 
demonstrable  by  the  curves  for  the  former  cities  alone. 

Bronchitis,  which  includes  both  chronic  and  acute  disease,  shows 
much  the  same  phenomena  as  does  pneumonia.  At  Manchester 
the  rate  rose  distinctly  ;  at  Lawrence,  however,  it  did  not  rise,  but 
remained  stationary;  while  at  Lowell  there  was  actually  a  decrease 
amounting  to  50  more  than  the  normal  decrease.  This  also  is  a 
case  of  improvement  which  is  much  better  demonstrated  by  the 
blocks  of  Chart  7  than  by  the  curves. 

Cholera  infantum,  a  general  title  indicative  of  intestinal  diseases 
of  infants,  shows  a  decrease  in  all  three  cities.  In  Lawrence, 
however,  there  was  a  decrease  of  15  more  than  the  normal,  while 
Lowell  shows  a  remarkable  corresponding  surplus  decrease  of  92. 
The  latter  stands  out  as  one  of  the  most  striking  phenomena 
observed,  and  recalls  with  emphasis  Dr.  Reincke's  statement  that 
the  mixing  of  raw  river  water  with  milk  caused  much  of  the 
infant  mortality  at  Hamburg  (pp.  497,  500,  502,  above).    The  same 
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explanation  probably  also  holds  good  to  a  very  great  extent  for 
LvWMftOe  and  Lowell. 

Among  the  minor  causes  of  death  not  plotted  in  the  charts,  tho 
included  in  the  tables,  we  consider  first  inanition,  marasmus,  and 
infantile  debility,  a  heterogeneous  and  indefinite  title,  but  one  fairly 
indicative  of  the  mortality  of  the  feeble.  Infantile  debility  makes 
up  a  large  j>art  of  it,  and  probably  a  considerable  number  of  deaths 
from  diarrhea  and  the  gastro  intestinal  diseases  of  infants  arc  here 
included  through  false  diagnosis.  As  seen  from  the  tables,  both  at 
Lawrence  and  at  Lowell  the  mortality  shows  a  great  decrease,  while 
at  Manchester  a  considerable  rise  took  place.  On  account  of  the 
tendency  in  diagnosis  just  mentioned  it  well  may  be  that  much  of  the 
effect  of  water-supply  purification  at  Lawrence  upon  infant  mortality 
is  indicated  by  this  title,  the  cholera  infantum  rale  not  having  been 
much  lowered. 

For  old  age  the  figure*  indicate  a  slight  rise  at  Lawrence,  but 
at  Lowell  a  decrease  distinctly  greater  than  the  normal 

Heart  disease  1  uncertain  in  diagnosis!  shows  improvements 
greater  than  the  normal  by  about  30. 

In  diseases  of  the  kidneys  and  aj>oplexy  there  are  no  phenomena 
worthy  of  mention. 

With  reference  to  diphtheria  and  croup  the  mixt  character  of  the 
title,  the  highly  epidemic  character  of  diphtheria,  and  the  use  of 
antitoxin  complicate  matters  so  much  that  we  can  draw  no  conclu- 
sions from  the  figures. 

The  MiUs-Reincke  phenomenon  at  both  Lawrence  and  Lowell  is 
shown  very  strikingly  by  Chart  8.  (Wc  must  caution  the  reader, 
that  in  order  to  save  space  the  blocks  in  this  chart  haw  been  cut  off 
so  that  their  true  bases  do  not  appear.)  Here  the  drops  seen  in  the 
curve*  in  Charts  4  and  5  are  reduced  to  actual  quantitative  statement 
fur  five  year  periods  just  before  and  after  water  supply  purification. 
At  Lawrence  the  total  death  rate  minus  typhoid  component  dropped 
from  2  3.  ;  to  ig  ;  per  1,000  with  an  annual  saving  of  about  x»  live* 
from  causes  other  than  typhoid  fever.  At  Lowell  it  dropped  from 
24  8  to  20  $.  with  a  saving  of  365  live*  from  such  causes.  Man- 
chester, on  the  other  band,  shows  decreases  for  the  correspond- 
ing period*  of  only  o  1  and  0  4  respectively.    In  other  words,  the 
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two  cities,  which  had  used  polluted  and  unpurificd  water 
supplies  and  had  had  very  excessive  0 total  minus  typhoid"  death 
rales,  dropped  after  purification  to  the  normal  and  comparatively  low 
rate  level  (ca.  20.0)  which  Manchester  had  maintained  throughout. 

The  second  of  the  two  questions  proposed  at  the  outset  of  this 
section,  i.e.,  what  causes  of  death  played  the  principal  jiarts  in  the 
reductions  in  the  total  death-rates,  is  also  answered  in  Table  it  above, 
by  the  percentage  columns.  If  the  rates  for  Law  rence  and  Lowell 
be  averaged,  over  80  per  cent  of  the  decreases  in  total  death  rates— 
whether  actual  or  comjarative  (against  Manchester)  rates  be  con- 
sidered are  accounted  for.  In  this  decrease,  the  chief  parts  were 
played  (besides  typhoid  fever)  by  pneumonia,  pulmonary  tuber- 
miosis,  cholera  infantum,  and  inanition,  marasmus,  and  infantile 
debility-  Cholera  infantum  and  the  last  three  causes  of  death  are, 
as  we  have  already  stated,  somewhat  related  by  diagnosis.  And 
these  results  agree  with  those  already  obtained  for  Hamburg 
(sees,  iv  and  v). 

The  foregoing  analysis  affords  a  basis  for  a  testing  of  Hazen's 
theorem.  As  a  preliminary  computation  we  find  that  at  Lawrence, 
for  every  death  less  from  typhoid  fever  there  were  4  7  deaths 
fewer  from  other  causes,  and  at  Lowell  5  q  fewer.  These,  however, 
are  only  crude  ratios  which  include  any  rises  or  falls  of  the  rates  which 
would  have  taken  place  in  any  event  independent  of  water  supply 
purification.  It  is  therefore  necessary,  in  order  to  obtain  ratios  com- 
ible  with  that  suggested  by  Mr.  Hazt-n  which  was  based  upon 
computations  from  which  decreases  due  in  causes  other  than  water- 
supply  purification  had  been  approximately  eliminated),  to  consider 
the  decreases  minus  those  at  Manchester  as  normal.  We  compute, 
therefore,  from  Table  10,  that — 

Where  death  from  t\phi»i*J  fevrr  ha*  bern  avoided  bv  the  u*e  of  better  water, 
a  <  rttam  number  of  death*  J-J  v  *»/  /arrive  4m/  6  n  at  Uu*U)  fn*ra  other  cau* 


Thus  Mr.  Ha/ens  estimate  of  two  or  three  is  seen  to  have  been 
for  these  cities  very  conservative. 

At  this  point  we  may  briefly  consider  certain  objections  which  may 
perhaps  be  raised  against  the  accuracy  of  the  foregoing  statistical 
studied  or  our  interpretation  of  them.    We  have  already  shown  (lec 
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hr)  that  for  three  census  rears  (1890,  1895,  and  1900)  the  age  and  sex 
tributkre.  the  proportions  of  foreign-born  of  various  nationalities, 
md  the  Gonipatioiis  of  the  population  at  Lawrence  and  Lowell  wtre 
jMCtkalUv  the  Between  census  years  there  were  undoubtedly 

Ihictuatioos  Ui  these  conditions,  but  any  such  could  have  been 
only  tel  otherwise  they  would  be  indicated  by  the 

census  figures  Of  fluctuations  in  the  actual  number  of  the  total 
population  a>  related  to  population  estimates  we  have  made  a  special 
study,  the  results  oi  which  are  submitted  in  sec,  xviii.  Anticipating, 
we  may  *tate  hen?  our  conclusion  that  no  error  seriously  affecting 
our  results  has  been  introduced  from  t  tat  direction.  Moreover, 
import*]  fluctuations  in  quality  or  quantity  of  population  at  Lawrence 
and  Lowell  should  haw  had  a  counterpart  at  Manchester,  a  city  in 
all  essentia]  respects  similar,  with  which  comparisons  hav  c  through- 
out been  made.  The  same  remark  applies  also  to  mortality  decreases 
due  to  general  sanitary  and  medical  improvement  (upon  which,  it 
will  be  remembered,  Dn  Rcincke  laid  considerable  stress  in  the  case 
of  Hamburg). 

Such  smddtm  and  lasting  decreases  m  death-rates  as  took  place  in 
each  of  these  cities  can  be  explained  only  by  sudden  and  permanent 
measures  of  sanitation,  and  it  is  impossible  to  escape  the  conclusion 
that  the  principal  part  in  the  drop  in  total  death-rate — the  Mills- 
Reineke  phenomenon-  both  at  Lawrence  and  at  Lowell,  was  played 
by  the  purification  of  the  public  water-supply. 

XVU.     SITOIKS  OF  SIMILAR  PHENOMENA  IN  SOME  OTHER 
AMERICAN  CITIES 

i.  Allkin\\  AM".  —  As  another  example  of  the  Mills-Reincke 
phenomenon  occurring  in  a  prominent  city  which  has  purified  its 
public  water-supply  and  for  which  reliable  vital  statistics  are  obtain- 
able, we  present  Albany,  N.Y. 

Previous  to  1899  two- thirds  of  the  total  water-supply  of  this  city 
was  taken  from  the  Hudson  River  without  purification,  while  the 
remaining  third  came  by  gravity  from  watersheds  just  west  of  the  city. 
In  September,  1899,  slow  sand  filtration  of  the  Hudson  River  supply 
was  introduced,  while  the  surface  water-supply  remained  unchanged. 
The  statistics  upon  which  we  have  based  our  demonstration  of  the 
Albany  phenomena  are  given  in  the  following  Tables  17  and  18. 
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The  death  rates  for  Albany  are  plotted  on  Chart  9,  in  which  the 
same  methods  of  presentation  are  employed  as  for  Hamburg,  Law- 
rence, and  Lowell 
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Typhoid  fever*  which  had  been  excessively  prevalent,  dropped 
immediately  after  the  introduction  of  filtration  to  a  much  lower  level. 
In  addition  to  this  then*  took  place  a  decrease  in  the  total  death  rate 
minus  the  typhoid  component,  Albany  thus  furnishing  another  illus- 
tration of  the  Mills- Reincke  phenomenon.  This  fact  was  noticed 
and  reported  by  Mr  Mills  and  others,  l>efore  our  work  1>egan. 

The  decreases  in  the  mortality  from  certain  diseases  at  Albany  are 
rhat  different  in  decree  from  those  observed  at  Law  rence,  LoweU. 
and  Hamburg.  Altho  the  death  rates  at  Albany  from  acute  respira- 
tory diseases,  pulmonary  tuberculosis,  and  "diarrheal  diseases"  (not 
including  typhoid  fever)  were  lower  after  the  introduction  of  filtration 
before,  it  must  be  noted  that  all  three  rates  had  been  declining 
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that  t)nu\  » rid  that  in  none  of  them  does  there  appear  any 
mier  rapidity  of  decline  setting  in  at  this  time.    The  most 
rnvlirnible  r  can  It  ahown  by  any  curve  of  chart  (except  that  for 
10M  fever)  appear*  in  the  death-rate  under  ffve  years  of  age, 
iVr  Whkh  the  rate  of  decline  just  subsequent  to  1899  was  somewhat 
pmtm  limn  H  had  bmi  before,    Falling  to  about  500,  it  continued 

TABLE  .8. 
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*  Compute  I  from  |  with  ling  table.  Slow  sand  filter  since  September,  1899,  for  Hudson  River  water, 
whWh  furni*hc«  .ilwntt  two  third*  of  total  supply.  One  third  of  supply,  both  previous  and  subsequent 
to  introduction  of  filtration,  ha**  been  commuted  of  im|>oundcd  surface  water. 


t  Eleven  months  only. 

t  Title  discontinued  in  rcjxirtH. 

at  that  level  up  through  the  last  year  we  have  taken,  1907.  This 
phenomenon  is  not,  however,  clearly  reflected  in  the  curve  for 
total  death-rate  minus  typhoid  component,  which  shows  no  greater 
rapidity  of  decline  after  introduction  of  filtration.  But  even  the 
fact  that  the  decline  in  total  death-rate  continued  as  rapid  as  before 
may  be  in  part  due  to  the  improvement  of  the  water-supply,  for 
it  might  perhaps  otherwise  have  risen.  The  effect,  nevertheless, 
is  not  nearly  so  clear-cut  as  in  the  cases  of  Hamburg,  Lawrence,  and 
Lowell,  and  requires  explanation.    Such  explanation  we  believe 
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may  possibly  be  found  in  the  fact  that  one-third  of  the  watcr-sopfdy 
ha*  come,  and  still  comes,  without  purification,  from  the  suke 
ftOUrce*  mentioned,  the  quality  of  which  h  said  to  be  somewhat 
Uncertain,  It  is  possible  at  any  rate  that  if  the  whole  of  a  soppiy 
be  not  purified,  the  resultant  drop  in  total  death-rate  minu=  typhoid 
component  may  be  imu  h  less,  even  tho  there  be,  as  in  this  case, 
a  decided  diminution  in  typhoid  fever.  We  greatly  regret  thic 
we  have  had  no  such  personal  familiarity  with  conditions  at  Albany 
as  we  have  enjoyed  with  the  various  cities  on  the  Merrimac  River, 
and  that  we  must  leave  to  others  possessing  fuller  acquaintance 
with  local  conditions  the  task  of  clearing  up  local  difficulties. 

Prom  avc rage  death-rates  for  periods  of  five  years  before  and  after 
the  introduction  of  filtration  (omitting  the  year  1899  itself),  we  com- 
pute that  for  every  death  less  from  typhoid  fever  after  that  date,  there 
were  still,  even  here,  4.1  fewer  from  other  causes.  This  ratio  is  of 
course  uncorrected  for  diminutions  in  mortality  due  to  other  factors 
than  filtration,  so  that,  tho  affording  an  approximate  indication,  it 
cannot  strictly  be  substituted  in  Hazen's  theorem. 

2.  Binghamton,  N.Y.  —  Among  other  examples  of  the  Mills- 
Reincke  phenomenon  which  have  come  to  our  attention,  we  may 
include  Binghamton,  N.V.,  altho  this  city  exhibits  great  irregu- 
larities which  distinguish  it  from  the  examples  we  have  already 
discussed.  Binghamton  took  its  water-supply  without  purifica- 
tion from  the  Susquehanna  River  until  June,  1902,  when  mechani- 
cal filtration  was  introduced.  Certain  vital  statistics  for  this  city 
are  given  in  Table  ig. 

From  these  figures  our  Chart  10  has  been  constructed.  It  will 
be  observed  that,  following  the  introduction  of  filtration,  the  typhoid 
fever  death-rate,  which  had  been  excessive,  tho  irregular,  fell  to  a 
low  level  and  remained  there.  The  total  death-rate  minus  typhoid 
component  reflected  this  fall,  altho  one  year,  1904,  shows  a  rate 
higher,  with  the  exception  of  only  two  previous  years,  than  any  rate 
since  at  least  1885.  This  irregularity  shows  that  this  is  not  altogether 
a  clear  case  of  the  Mills-Reincke  phenomenon,  and  therefore  requires 
for  a  complete  solution  further  elucidation. 

Altho  the  authors  have  been  unable  to  give  to  the  case  any  local 
study  such  as  it  imperatively  demands,  certain  facts  deserve 
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In  the  first  place,  both  curves  had  before  filtration 
shown  very  great  irregularities,  that  for  total  death-rales  minus 
typhoid  component  in  particular  having  at  one  time  fluctuated 
from  13  to  20  inside  of  four  years.  Typhoid  fever  had  in  certain 
years  receded  to  a  comparatively  low  rate,  and  the  same  is  true  of 
the  total  death-rate.  When  we  consider,  also,  the  small  numbers 
with  which  we  have  to  deal  and  the  consequent  unsteadiness  of 
the  statistics,  it  becomes  evident  that,  in  the  absence  of  more 
detailed  and  thorough  local  studies,  too  much  reliance  should  not 
be  placed  upon  them. 
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On  Roing  through  the  Annual  Reports  of  the  New  York  Sute 
Hoard  of  Health  in  an  endeavor  to  discover,  if  (possible,  the  specific 
reason  or  reasons  for  the  peak  in  total  death-rate  minus  typhoid  com- 
ponent in  1004,  we  have  found  that  there  did  indeed  occur  in  that 
year  in  Binghamton  epidemics  of  measles  and  diphtheria  and  an  un- 
usual number  of  deaths  from  phthisis.  Then*,  however,  explain  only 
one  third  of  the  excess  of  ihe  rate  for  this  year  ov«  vK««N«c«^Tto 
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for  the  following  three  years.  In  short,  we  have  been  unable  to  arrive 
at  a  satisfactory  explanation  of  the  irregularity  of  the  total  death-rate 
curve  since  igo*.    We  have  nevertheless  included  Binghamton  in 


BO 

E 

ir- 

4C 

IA 

M 

o 

N 

Jt 

J." 

r. 

s 

7 

f'Pf- 

HOI 

3  1 

>E> 

EA" 

70 
80 

f 

s 

i 

f 

JO 
40 

30 

r 

1 

r 

f* 

t 

v 

7 

\ 

T 

s 

n 

! 

r 

1 

\ 

M 

? 

t- 

20OO 

M 
IL 

-6" 

Dl 

:a 

TH 

Ml 

rv 

r 

Oil 

>  < 

>N 

EN 

r 

170O 
IflOO 

1500 

000 

■  i  - 

r  - 

>  m 

-      *     •»  1 

►    n    m  r- 

Chart  io. 


0„a  a  ^dies  as  an  example,  tho  not  a  very  clear  one,  of  the  Mills- 

Althv  phenomenon, 
study  sue  periods  of  five  years  before  and  after  filtration,  we  compute 
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that  for  one  death  less  from  typhoid  fever  afterward  there  were  i  5 
fewer  from  other  causes — this  being  merely  an  uncorrected  ratio 
not  applicable  directly  as  a  test  of  Haven's  theorem. 

3.  WatcrUnm.  As  a  city  which  had  suffered  severely  from 

typhoid  fever  and  which,  after  a  noted  epidemic  in  1004,  had  installed 
a  mechanical  fdter  plant,  we  were  led  to  study  in  absentia  Water- 
town,  \\Y.  In  the  foregoing  section  we  have  presented  an  atypical 
instance  of  the  Mills-Reinckc  phenomenon,  and  we  now  submit  a 
demonstration  of  a  city  where  that  phenomenon  did  not  apparently 
occur  at  all  after  the  filtration  of  the  public  water-supply. 

Until  1004  Watertown  took  its  water  from  the  Black  River,  a 
stream  [ml luted  by  the  populations  of  a  number  of  towns  above* 
In  September,  1004,  mechanical  filtration  was  introduced  immediately 
following  the  famous  typhoid  fever  epidemic  studied  and  reported 
upon  by  Dr.  George  A.  Soper.  A  comprehensive  description  of 
the  city  and  its  past  and  present  water-supply  is  given  in  Dr. 
Super's  paper  "The  Management  of  the  Typhoid  Fever  Epidemic 
at  Watertown,  X.Y..  in  1004  "' 

We  present  herewith  certain  vital  statistics  for  this  city: 
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For  Watertown  as  for  Bingham  ton  we  have  plotted  the  general 
ieath-rate and  that  from  typhoid  fever  (Chart  ti).  The  irregulari- 
ties in  both  curves  are  even  more  evident  than  in  the  case  of  Bingham- 
ton.  Typhoid  fever  was  apparently  not  reduced  by  the  introduction  of 
filtration  to  as  low  and  as  permanent  a  level  as  should  have  been 
expected,  for  in  1906  we  find  that  the  rate  had  again  risen  to  50, 
The  total  death-rate  minus  typhoid  component,  instead  of  showing  a 
decrease  in  1905, 1906,  and  1907,  actually  shows  a  rapid  rise.  Here, 
then,  we  find  apparently  the  direct  reverse  of  the  Mills- Reincke 
phenomenon,  and  this  fact  requires  explanation*  The  authors  have 
been  unable  to  undertake  any  complete  and  personal  investigation 
of  the  local  conditions,  but  may  venture  to  point  out  briefly  several 
factors  possibly  of  importance. 

As  in  the  case  of  Binghamton,  we  must  regard  as  suspicious  the 
great  irregularities  of  the  curves,  Even  at  certain  times  of  high  epi- 
demic prevalence  of  typhoid  fever — notably  in  1904,  and  also  in  1895 
and  1898— the  total  death  rate  remained  at  a  comparatively  low 
level;  while  the  highest  total  death-rate  shown  on  the  diagram 
occurred  in  a  year  (1892)  when  typhoid  fever,  tho  excessive,  and 
not  reached  nearly  the  proportions  of  later  years.  These  fluctuations 
are  undoubtedly  due  in  part  to  the  small  numbers  dealt  with,  for  in 
a  population  of  only  21,696  (for  1900)  the  small  number  of  deaths 
each  year  leaves  much  room  for  serious  percentage  fluctuations.  This 
circumstance,  however,  can  hardly  furnish  more  than  the  beginning 
of  an  explanation. 

A  much  more  important  fact  in  connection  with  the  non-appear- 
ance of  the  Mills-Reincke  phenomenon  is  that  the  typhoid  fever 
death-rate  itself  was  not  reduced  after  filtration  to  nearly  as  low  a 
level  as  would  have  been  expected.  Even  after  nearly  two  years 
from  the  beginning  of  filtration,  we  find  a  rate  of  50  (in  1906),  while 
for  1907  and  1908  (figures  for  the  latter  year  just  published)  the  rates 
were  37  and  40  respectively.  These  rates  throw  a  strong  suspicion 
on  the  efficiency  of  purification,  and  if  a  considerable  amount  of  infec- 
tion still  remains  in  the  filtered  water,  the  Mills-Reincke  phenomenon 
ought  not  to  have  been  expected  to  appear.  This  point  we  wish 
to  emphasize  particularly,  for,  if  the  excess  of  typhoid  fever  in 
Watertowrn  in  1906-8  was  due  to  the  water,  that  fact  would 
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or  other  chemical  substances  in  the 
►  of  the  BUck  River  have  At  times,  especially  of  low  water,  been 
present  in  sufficient  concentration  to  interfere  with  the  proper  opera 
lion  of  the  city  fitters*    Evidence  of  such  chemical  pollution  is  not 


It  b  tn«ra  the  pjip  *tmi  paper  mdostries  which  hare  become  well  established  on  the 
ritrr  that  the  jfwnt  gtvos  r**Dutiofi  of  the  rirer  is  due.    A  number  of  mills  are  situated 

00  the  »-Aicr>Sni  wixh  an  aggregate  output  ol  over  300  tons  of  paper  per  day,  in  the 
czicufactare  of  wfckh  ttilphrtc  pttlp  b  used  Watrrtowu  is  an  active  manufacturing 
dri,  ai*!  the  riTer  ihows  unmistakable  s%ns  of  a  high  degree  of  pollution.  AH  kind* 
U  are  thrown  darotK  into  the  stream,  the  paper  mills  and  other  factories  using 
mm  in  »Umtei  to  canrvt*  factory  wastes  (Monthly  Bulletin,  N.Y,  State  Board 

01  Health.  July,  loo$»  jx  njo>. 
The  c5ect  of  the  dnemkaJ  waste  b  quale  apparent  in  times  of  low  water  in  the 

A  change  ol  color  of  45  pans  per  miUkm  (platinum  scale)  in  four  hours  is  not 
Eft*  *  *  •  .  This  color  change  h  frequent ly  accompanied  by  a  decrease  in 

bf  Dr.  Sop*r,  i*  1 

It  may  be  objected  that  if  there  were  sufficient  concentrations  of 
chemical  wastes  in  the  river  to  interfere  with  the  operation  of  the 
niters,  most  or  all  of  the  bacteria  in  the  water  would  be  killed  by  their 
disinfecting  properties,  for  there  is  no  doubt  that  such  wastes  as  those 
from  pulp  mills  have  a  marked  germicidal  effect.1 

But  it  is  probable  that  the  composition  of  the  water  fluctuates 
widely  and  rapidly,  as  is  asserted  in  one  of  the  above  quotations, 
and  it  is  quite  conceivable  that  water  of  high  disinfecting  powers 
with  low  bacterial  content  today  might  incapacitate  the  filters  for  deal- 
ing with  water  of  low  disinfecting  power  and  high  bacterial  content 
tomorrow. 

XVIII.     FLUCTUATIONS  OF  POPULATION  IN  PERIODS  OF   PANIC  AND 
PROSPERITY  AS  SOURCES  OF  STATISTICAL  ERROR. 

Very  early  in  our  studies  we  were  struck  with  the  fact  that  the 
beginnings  of  filtration  in  Lawrence  and  of  substitution  of  ground- 
water at  Lowell  coincided  almost  exactly  with  the  panic  of  1893, 

•  foe  M.  (J.  l.eighton,  "Prelim.  Report  on  the  Pollution  of  Lake  Champlain,"  Water  Supply  Paper 
Sit  m,  U  S  G*4  Snrvty,  iqos,  Report  of  E.  B.  Phelps,  p.  in.  Also  E.  B.  Phelps,  "Pollution  of 
tilr*iiiui  l»y  fluliaille  Pulp  Wiute,"  Paper  No.  226  of  ibid.,  p.  7.  Cf.  Penn.  Health  Bull.,  November 
ti*ag,  on  "  The  Uwiuli  itUl  Kfteet  of  Water  from  Coal  Mines  and  Tannery  Wheels  upon  Bacillus  Typbo- 
nut,  Uavlllu*  (ttli,  Mini  Itaclllus  anthrada," 
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and  the  question  naturally  arose  as  to  whether  the  diminished  death- 
rates  observed  might  not  have  been  due,  wholly  or  in  part,  to  the 
influence  of  the  panic.  Our  attention  was  first  drawn  to  this  impor- 
tant matter  by  newspaper  references  touching  the  effect  of  hard  times 
u|ion  health,  particularly  by  an  editorial  in  the  Springfield  (Mass.) 
"  Republican**  of  June  30,  1908,  from  which  it  appeared  that  hard 
times  are  accompanied  by  a  marked  improvement  in  the  public 
health.  Corollaries  were  drawn  to  the  effect  that  such  improvement 
I  doubtless  due  to  less  overworking,  less  overeating,  less  overdrink- 
and  the  like — in  short,  to  saner  and  more  wholesome  methods 
living.  And,  certainly,  following  the  period  of  financial  deprcs- 
in  the  United  States  setting  in  late  in  1907,  unusually  low  death- 
rates  have  been  retried  from  many  American  cities.  An  article 
lich  has  come  to  our  notice,  "  Era  of  Low  Mortality  Reached  by 
Civilized  World/'1  states,  for  example,  that  for  1908  the  death- 
tie  for  the  registration  states  was,  according  to  the  U.S.  Census, 
only  15.3  per  i.ooo  of  population,  this  being,  according  to  Dr.  C.  L, 
Wilbur  of  the  Census,  "  probably  the  lowest  death-rale  that  has  ever 
in  the  United  States." 
Our  attention  was  mdq>cn<kmly  drawn  to  the  possibility  of  such 
explanation  as  above  mentioned  of  the  lower  death-rates  at  Law- 
rence by  an  employee  connected  with  the  registration  of  vital  statistics 
in  that  city,  who  stated  that  to  his  personal  knowledge  there  had  taken 
place  there,  at  the  time  of  the  panic  of  1893,  a  marked  change  in  the 
habits  of  the  j>eople,  who  began  to  spend  more  time  in  the  open  air, 
to  make  excursions  into  the  country,  and  in  general  to  live  in  a  more 
ely  and  healthful  manner.  The  new  mode  of  life  thus  imposed 
upon  the  people  was,  it  was  argued,  continued  by  force  of  habit  even 
the  mills  had  again  resumed  full  operation,  more  vacation  time 
then  demanded  by  the  employees,  in  the  same  discussion  it 
I  asserted  also  that  there  was  I  considerable  change  in  the  character 
lion  at  this  time.  It  »,  in  fact,  common  knowledge  among 
familiar  with  conditions  in  industrial  cities  that  such  phe~ 
do  take  place  to  a  greater  or  less  extent  in  lianl  times, 
►  ith  reverse  effects  in  times  of  prosperity;  and  lower  death-rates  cer- 
linly  have  apjicared  in  some  cities  at  times  of  industrial  depression. 
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On  the  other  hand,  there  is  good  reason  for  believing  that  the 
lplest  and  often  the  chief  explanation  of  the  diminutions  in  the 
tnfiuk  !  death-rates  will  be  found  in  a  temporary  decline  in  indus- 
trial urban  populations.  In  such  case  estimated  populations  for 
intercensal  years  would  be  inflated  over  their  true  values,  and  the 
rates  based  upon  them  would  give  false  evidence  of  improvement 
in  the  public  health.  Thus  there  may  be  in  many  cases  a  consider- 
able error  which  would  be  made  manifest  if  annual,  instead  of 
quinquennial,  or  decennial,  censuses  were  taken.  This  would  of 
course  be  true  of  the  U.S.  Census  method  of  estimation  (used  by  us 
throughout),  which  gives  for  such  cities,  regardless  of  such  possi- 
bilities, the  same  absolute  increment  from  year  to  year  between 
any  two  censuses. 

To  any  objection  based  on  a  supposed  effect  of  the  panic  of  1893 
on  the  death-rates  of  Lawrence  and  Lowell— either  through  actual 
betterment  of  the  public  health  or  through  diminished  population— 
we  answer  first  of  all  by  calling  to  mind  Manchester,  3NLIL,  a  city 
in  all  important  respects  similar,  which  we  have  taken  as  a  norm. 
Some  influence  upon  the  death-rates  of  Manchester,  as  of  other  cities, 
during  the  hard  times  might  have  been  expected,  but  the  fact  is  that 
no  such  influence  is  discernible  in  the  figures.  This  indicates  that 
the  rates  for  Lawrence  and  Lowell  remained  uninfluenced  from  that 
source. 

Altho  satisfied  that  the  results  of  our  studies  on  Lawrence  and 
Lowell  are  exonerated  by  the  Manchester  data  from  any  serious 
blame  on  either  of  these  points,  we  have  thought  desirable,  neverthe- 
less, to  bring  forward  certain  explanatory  and  confirmatory  evidence, 
particularly  in  regard  to  possible  diminutions  of  population  in  periods 
of  panic.  And  in  doing  so  we  shall  include  also  the  case  of  Hamburg, 
where  a  panic  was  caused  by  the  Asiatic  cholera  epidemic  of  1892. 

The  cholera  panic  at  Hamburg  resulted  in  a  temporary  check  to 
the  growth  of  the  population  such  as  might  be  expected  from  an 
industrial  panic.  In  fact,  not  only  was  the  growth  checked,  but  for 
a  time  the  population  was  actually  diminished,  as  observed  by  Dr. 
Reincke: 

While  the  population  of  Hamburg  has  in  recent  decades  increased  regularly  by 
at  least  2 .6  per  cent  per  annum  ....  it  has  in  1892  not  only  failed  to  increase  but  has 
actually  decreased  by  2,808  persons  Immigration  into  the  city,  which  already 
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at  the  beginning  of  the  year  wa*  small,  t  c*mn1  entirely  after  the  outbreak  of  the  « hnlrra, 
while  emigration  imTea*«l  correapnn-tinRlv  Berk  hi  de*  Me*lUinaJ-In*j*ekti*raU  fur 
<!*«  Jahr  iSoj/'  Hamburg,  p  i), 

The  observation  thus  recorded  by  Or,  Rcincke  would  have  been 
impossible  without  accurate  statistics  for  the  population  from  year 
tti  year,  and  we  find  that  such  statistics  were  in  fact  afforded  by 
annual  enumerations  of  population. 


In  ibo&e  years  m  which  no  retmi*r%  have  taken  plm  r  the  Staij*iua!  tlurrau  of  ihr 
T**  Commission  has  ma<le  since  1 868  in  the  city  and  suburb*  .  .  .  •  Inquiries  .m 
i  and  <I*elling  oinajitiona,  inc  luding  all  ilaia  nete***ry  for  oftWLal  \*w j* »c% 
*  Statist  isches  Hamlbucfc  fur  oVn  Hamhurgischen  Staat,'*  4te  Ausftalie,  Hamburg, 

1A91,  p.  14). 

This  inquiry,  made  December  i,  commonly  called  Vmschreibung, 
approximates  ever  more  and  more  the  exactitude  of  the  more  detailed 
quinquennia]  census,  Data  are  taken  as  to  name,  age,  occupation, 
etc.  The  results  are  not,  however,  usually  worked  up  in  much 
detail' 

We  call  special  attention  to  the  fact  that  the  death-rates  given  in 
Dr.  Rcincke's  Annual  Reports  as  well  as  in  the  4  Sanitary  History 
of  Hamburg"  (from  both  of  which  works  we  have  in  this  paper 
freely  quoted  and  drawn  data)  arc  based  upon  these  annual 
enumerations  of  population. 

Without  further  comment  wc  present  the  results  of  the  annual 
enumerations  in  the  following  diagram,  based  on  figures  taken  from 
the  "Sanitary  History  of  Hamburg,"  p.  28.  The  dotted  lines  indi- 
lie  for  comparison  the  error  which  would  have  been  introduced 
had  there  been  only  quinquennial  or  decennial  censuses,  with 
iterpolation  of  the  other  years  by  the  "arithmetical"  or  U.S. 
Census  method.  The  maximum  error  due  to  this  method  would 
in  this  case  have  been  with  the  quinquennial  only  2  per  cent,  with 
the  decenniaJ  4  per  cent* 

It  is  evident  that  the  recovery  of  population  set  in  soon  again  after 
the  jianic  of        oj,  and  was  very  rapid. 

Turning  next  to  Lawrence  and  Lowell  and  the  question  of  the 
ie  industrial  panic  of  1893  in  diminishing  the  population 
of  those  cities,  we  have  evidence  that  in  them,  as  in  Hamburg 
after  the  cholera  scare  of  1892,  recovery  in  general  public  confidence 
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ami  prt*perity  (with  their  corollary,  increase  of  population!  was 
ly  and  rapid.   There  is  tirst  of  all  indication  of  this  in  the  general 
and  industrial  movements  in  the  United  States  at  this  time. 

tVi  rii«*n*mr  ha<  prfMlu.nl  .*  nymt*-r  <>(  in%unit^  whirr,  in  the  »oirm1  ytar 
after  a  peal  tinam  ia]  panii ,  bu*me**  retnvery  went  ahcmtl  so  rapidly  that  II  *x» 
"nr-vifi  in  Ihr  nr\t  \r*rt  u*  -Uni  u|»  Of  ihb  thr  1  Jam  if  caar  in  point  «a* 
Sudden  revival,  active  buying  i»f  merchandise,  prediction  nf  another 
*]*iUf  ular  in  *t»  Ls  with  EumprA  capital  rnhstrd,  iron  pr<«tu«  lion 
all  moodily  reuorda  these  ttiinjr*  were  witnessed  in  Ihr  ifcond  year  alter 
■  Vt  1   The  Nation,"  ■  rinamc."  February  *4,  igio). 

And  this  description  is  confirmed  by  the  [ *>\  .ulations  for  Lawrence 
;ind  Lowell  given  by  the  State  Census  of  1895.  The  characters  of 
the  j*>pulations  had  also,  according  to  this  census,  remained  prac 
ticallv  the  same.1  Thus  any  fluctuations  in  quantity  or  character  of 
population  which  may  have  taken  place  in  1893-94  were  chiefly 
temporary.  And  certainly  the  much  diminished  death  rate  computed 
for  1895  cannot  be  ascribed  in  any  significant  degree  to  error  in 
the  population  statistics  employed. 

A>  an  approximate  indication  of  year  to  year  fluctuations  of  popu 
tation  in  l-awrencc  and  Lowell,  we  have  obtained,  by  courtesy  of 
their  city  assessors,  the  total  number  of  polb  in  those  cities 
enumerated  for  puq**es  of  taxations,  including  practically  all  males 
20  years  of  age,  as  of  May  i  of  each  year  since  1889.  These 
figures  we  have  plotted  in  the  following  diagram,  tugrther  with  the 
total  imputations  estimated  by  the  so  called  arithmetical  method. 

The  panic  and  hard  times  of  1893  94  ami  the  industrial  depressions 
of  tuo;  4  and  1907-8  are  seen  to  be  clearly  reflected  in  the  curves 
for  fiolls.  The  extent  of  fluctuation  in  these  cities  about  1894  was 
apparently  somewhat  greater  lhan  at  Hamburg  in  i8qj  and  the  fol- 
lowing years.  The  indication  from  the  Census  of  1895  that  the  check 
to  increase  of  jiopulation  in  180;  94  was  merely  temporary,  ts  con- 
firmed. There  was  apparently  also  a  check  to  growth  nf  imputation 
in  both  cities  fallowing  1896,  and  this  may  pcrha[j&  l»c  explained  as 
a  result  of  the  secondary  industrial  depression  which  followed  the 
revival  of  1895, 

The  ratio  of  polls  to  total  population  remained  fairly  constant 
in  both  cities  for  the  four  cen>us  years,  though  more  nearly  so  for 
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3  •  K8,  3  •  3  •  ^8,  and  3 . 64.  These  ratios  afford  a  rough  check  on 
the  accuracy  of  the  poll  enumerations,  which  tho  of  uncertain  relia- 
bility, appear  to  be  sufficiently  accurate  for  the  present  purpose — i.e., 
an  approximate  indication  of  fluctuations  of  population. 


o  - 

CO 


Mortality  Dm  kk  vsl  Following  Watkr  1\  truncation 


In  1005  there  was  a  diminution  of  the  population  of  Lowell  not 
|araliclcd  at  Lawrence,  a  difference  which  we  have  left  without  inves- 
tigation as  U-ing  unessential  to  our  study. 

We  finally  conclude,  as  to  fluctuations  in  magnitude  and  character 
of  population  as  sources  of  statistical  uncertainty,  that  in  particular 
years,  es|>ciially  where  only  a  decennial  census  is  to  l>e  had,  errors 
seriously  imjmiring  the  accuracy  of  death  rates  computed  from  esti 
matrd  jK>pulations  may  be  introduced.  The  indications,  however, 
(mm  the  curves  just  given,  that  the  imputations  of  Lawrence  and  Low  ell 
had  in  1895  recovered  much  of  their  former  growth  energy  in  spite 
of  year  to  year  fluctuations,  taken  w  ith  the  evidence  given  in  sec*  xv 
on  the  elements  of  the  populations  and  in  sees,  xv  and  xvi  on 
Manchester  a>  a  norm,  lead  to  the  conclusion  that  no  error  seriously 
ahVting  our  results  can  he  attributed  to  fluctuations  in  magnitude 
and  character  of  population. 

XIX.     SUMMARY  AND  CONCLUSIONS. 

We  may  now  bring  together  the  various  results  of  our  study,  as 

There  is  abundant  evidence  of  the  occurrence  of  the  Mills  Rcinckc 
phenomenon,  not  only  in  the  vital  statistics  of  the  cities  of  I^iwrence 
an*l  Hamburg,  studied  by  Messrs.  Mills  and  Reincke,  rcsjiectively,  but 
also  for  Lowell.  Albany,  and  [iinghamton.  The  phenomenon  seems 
at  first  sight  to  be  wanting  in  Walerlown;  but  it  is  possible  that  in 
Watertown  the  purification  of  the  public  water  supply  has  been  as 
yet  relatively  im|>erfect,  and  it  is  interesting  to  note  that  under  these 
circumstances  no  diminution  of  the  general  death  rate  has  as  yet 
occurred.  For  a  fuller  discussion  of  this  j»oint  we  must  refer  to  the 
body  of  the  pajjer. 

We  have  not  extended  our  studio  over  u  larger  range  of  cities, 
[*artJy  for  the  reason  that  trustworthy  statistics  for  American  cities 
are  by  no  means  common,  and  partly  because  of  the  incomplete  and 
unsatisfactory  character  of  invest igal ions  carried  on  at  a  distance. 
We  earnestly  hojur  that  students  of  sanitary  science  who  may  fortu- 
nately havr  access  to  the  necessary  data  for  other  cities  w  ill  not  fail 
to  Mudy  and  rvport  u;>on  the  problems  here  raised.  It  is  also  greatly 
to  be  desired  that  similar  studies  should  be  made  owvW  fa&k*Sw*&c& 
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>y  such  cities  as  Washington,  D.C,  in  which  the  nitration  of  the 
public  water-supply  has  not  been  followed  by  any  material  decline 
in  the  death  rate  from  typhoid  fever;  for  in  this  case  such  filtration 
would  not  be  expected  to  have  produced  any  material  decline  in  the 
total  death-rate.  Whether  or  not  a  partial  purification  of  a  public 
water-supply  may  be  expected  to  be  followed  by  a  moderate  decline  in 
the  total  death-rate  we  cannot  say,  but  the  experience  of  Watertown 
would  seem  to  indicate  that  this  is  not  necessarily  the  case. 

Mr.  Hazen's  quantitative  expression  for  the  Mills-Rcincke  phe- 
nomenon, when  applied  to  the  cities  which  we  have  studied  (with 
the  exception  of  Watertown),  appears  sound  and  conservative.  It 
seems  likely,  however,  that  it  will  be  impossible  in  the  future  to  con- 
fine the  relation  even  within  the  broad  numerical  limits  suggested 
by  Mr.  Hazen,  In  fact,  Mr.  Hazen  himself  is  very  careful  in  this 
particular,  as  will  be  seen  by  a  reference,  to  his  original  statement 
(p,  510),  It  is  probable  that  the  pollution  of  a  public  water-supply 
may  consist,  at  one  time  or  in  one  place,  of  much  typhoidal  infec- 
tion mingled  with  comparatively  little  sewage,  or  on  the  other 
had,  of  much  sewage  nnly  lightly  charger!  with  typhoid  fever  germs. 
In  the  former  case  the  reduction  in  typhoid  fever  might  be  out  of  all 
proportion  to  the  reduction  in  general  death-rate,  and  in  the  lat- 
ter case  vice  versa.  For  Hamburg  we  have  pointed  out  above  that 
the  saving  in  typhoid  mortality  was  slight  in  comparison  with  the 
saving  of  mortality  in  other  diseases  combined,  i.e.,  roughly  only 
ca.  1  to  16.  In  the  other  cities  studied  we  find  ratios  widely  different 
from  this,  e.g.,  at  Lawrence,  1  to  4.4,  at  Lowell  1  to  6.0,  in  Albany, 
ca.  1  to  4.1  (uncorrected),  and  in  Binghamton  only  ca.  1  to  1.5 
(uncorrected).  It  is  clear,  therefore,  that  Hazen's  theorem  is 
merely  a  convenient  formula  rather  than  a  precise  mathematical 
expression. 

One  of  the  most  surprising  results  of  our  study  will  probably  be 
the  disclosure  of  the  remarkable  relation  subsisting  between  polluted 
water  and  infant  mortality.  This  subject  has  been  more  fully  eluci 
dated  by  Dr.  Reincke  than  by  anyone  else,  as  will  be  evident  from 
a  perusal  of  his  discussions  quoted  above.  Our  graphical  demon- 
strations, however,  are  worthy  of  notice,  as  they  bring  out  strikingly 
the  principal  facts.    Students  of  preventive  medicine  will  do 
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well  to  extend  Ihrsc  studies,  which  promise  to  shed  much  light  upon 
ihc  solution  of  one  of  the  most  serious  problems  of  the  time. 

Closely  associated  with  infant  mortality  stand  diarrhea  and  gaslro 
intestinal  disorders  <oo  jicr  cent  of  which  in  Hamburg  occurred  among 
infants  u ruler  one  year  of  age)  in  relation  to  |K)11utcd  water,  which 
now  bids  fair  to  assume  a  causal  importance  in  these  diseases  second 
only  to  that  of  contaminated  milk. 

In  regard  to  tuberculosis  the  evidence,  tho  less  striking,  is  inter- 
esting and  suggestive.  Inasmuch  as  we  have  been  unable,  even  after 
the  nin ri  I  investigation,  to  discover  any  other  possible  explana- 
tion of  the  figures,  we  are  forced  to  the  conclusion  that  a  considerable 
[lortion  of  the  decline  in  mortality  from  tuberculosis  in  Lawrence 
and  Lowell  during  the  years  immediately  following  a  change  from 
polluted  water  supplies  was  due  to  that  change;  and  in  line  with  this 
conclusion  a  similar  explanation  appears  more  than  probable  for 
Hamburg/ 

For  pneumonia,  bronchitis,  and  the  remaining  infections,  our 
data  and  diagrams  speak  with  clearness,  and  we  need  not  repeat 
the  discussions  we  have  already  given  in  the  preceding  sections. 

We  have  examined  in  detail  the  influence  of  fluctuations  of  poptd*- 
tion  u|wm  our  statistical  results,  and  find  that  no  serious  error  has 
Iwn  encountered  by  us  in  that  direction.  It  is  certainly  an  inter- 
esting fact  that  the  great  panics  have  rarely  if  ever  coincided  with 
cither  federal  or  state  censuses,  but  we  find  no  reason  to  believe 
that  the  declines  in  either  typhoid  fever  or  the  general  death-rate 
in  Hamburg,  Lawrence,  or  Lowell,  a) tho  these  happened  to  coincide 
with  periods  of  panic,  were  in  fact  attributable  to  decrease  of  popula- 
tion. 

Finally,  the  question  naturally  arise*,  to  what  is  the  decline  of 
mortality  ob>erved  in  the  Mills  Reincke  phenomenon  for  diseases 
other  Ulan  typhoid  fever  due  ?  A  little  reflection  will  show  that 
increase  of  vital  resistance,  due  perha|*s  to  the  use  of  a  purer  drinking 
water,  might  produce  this  effect,  while,  on  the  other  hand,  the  same 
results  might  be  reached  by  an  exclusion  of  disease  germs  formerly 
present  and  working  upon  the  bodies  of  their  victims.    Or?  as  a 
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I  possibility,  the  phenomenon  might  be  due  to  a  combination 

co-operation  of  these  two  factors. 

is  interesting  to  observe  thai  Mr.  Milk  in  his  writings  upon  this 
cctf  without  especially  committing  himself  to  either  hypothesis, 
apparently  had  in  mind  chiefly  an  increase  of  vital  resistance, 
Dr.  Reincke  has  expressed  himself  rather  as  looking  to  the 
aoval  of  disease  germs  previously  present. 
The  facts  at  present  in  our  possession  do  not  allow  us  to  settle 
;  question  beyond  peradventurc,  and  this  problem,  like  many 
oth  rs  raised  throughout  our  paper,  requires  further  elucidation. 


THE  FOUNDATIONS  OP  PREVENTION. 

By  William  T.  fliwyi  ic«,  ScC,  of  Boston,  ftufwn  of  Biology,  K— ocfautlt*  Institute 

of  Tccbw>U>cP 

One  of  the  great  characteristics  of  living  tilings  is  their  property 
of  interfering  with  nature.  Lifeless  things  may  be  said  to  sub- 
mit tamely,  helplessly,  and  mechanically  to  their  surroundings, 
while  living  things  even  in  the  lower  orders  of  life,  react,  resist, 
respond,  and  otherwise  refuse  to  obey  in  a  purely  mechanical 
fashion  the  demands  of  their  environment.  The  very  idea  of 
interference  by  lifeless  things  with  the  regular  phenomena  or 
laws  of  nature  seems  absurd.  Rain,  mist,  fog,  frost,  not  only 
obey  natural  laws  but  yield  themselves  without  special  resis- 
tance to  gravity,  electricity,  heat  and  cold.  The  simplest  liv- 
ing things,  on  the  other  hand,  may  struggle  against  gravity, 
move  toward  or  away  from  heat  or  light,  and,  while  in  the 
larger  way  necessarily  obedient  to  the  laws  of  nature,  are  still 
in  regard  to  these  capable  of  special  and  irregular  behavior. 
When,  therefore,  we  find  the  objection  raised,  as  it  sometimes 
is  raised,  that  preventive  medicine  is  an  interference  with  nature 
and  natural  law;  that  the  prevention  of  infant  mortality  is  likely 
to  lead  to  race  weakness;  or  when  we  encounter  other  super- 
ficial if  not  thoughtless  criticisms  concerning  some  of  the  most 
promising  features  of  modem  life,  we  shall  do  well  to  dig  down 
to  the  foundations  and  to  inquire  What,  after  all,  is  the  philoso- 
phy of  prevention?  Does  the  prevention  of  poverty  lead  to 
idleness,  the  prevention  of  premature  death  to  overpopulation, 
the  prevention  of  crime  to  the  production  of  mollycoddles?  We 
bear  much  of  natural  law  and  respect  for  natural  law,  and  we  do 
well  to  give  heed  to  these  things,  but  we  roust  be  careful  not  to 
confound  obedience  to  natural  law  with  a  servile  and  unresist* 
ing  submission  to  tilings  as  they  are.  Let  us,  on  the  other  hand, 
inquire  how  things  as  they  are  came  to  be  and  whether  a  general 
conformity  to  natural  law  is  not  consistent  with  self  assertion 
and  those  more  individual  phenomena  of  life  which  gives  it 
variety,  spice  and  charm. 

We  may  then  begin  at  the  beginning  and  examine  somewhat 
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carefully  the  foundations  of  interference  with  nature  and  natural 
law,  one  form  of  which  is  prevention  of  infant  mortality,  another 
the  prevention  of  poverty,  another  the  prevention  of  crime,  an- 
other the  prevention  of  disease.  As  we  have  said  already,  it  is 
characteristic  of  lifeless  bodies  that  these  obey  implicitly,  me- 
chanically and  completely  the  established  laws  of  nature,  and 
follow  in  their  fashion  existing  conditions.  We  have  cited  as  an 
example  the  behavior  of  the  various  forms  of  water,  and  a  simi- 
lar mechanical  obedience  may  be  observed  in  the  sands  of  the 
sea,  in  the  gases  of  the  atmosphere,  in  the  clouds,  and  so  far  as 
we  know  in  the  heavenly  bodies.  These,  to  be  sure,  possess  the 
universal  property  of  inertia  and  accordingly  exert  a  kind  of 
passive  resistance  to  change  of  every  sort.  But  inertia  is  the 
most  impersonal,  the  most  inorganic,  the  most  typically  lifeless, 
because  the  most  helpless,  phenomenon  in  nature,  and  the  re- 
sistance offered  by  inertia  is  simply  involuntary  obstruction  to 
displacement,  and  opposition  to  change  of  every  sort. 

With  this  implicit,  mechanical  obedience  to  nature  goes,  it 
is  true,  a  calmness,  a  quietism,  which  has  excited  the  envy 
of  the  poets: 

"  And  a  look  of  passionate  desire 

O'er  the  sea  and  to  the  stars  I  send; 
Ye  who  from  my  childhood  up  have  calmed  me, 

Calm  me,  ah,  compose  me  to  the  end." 

When,  however,  we  turn  away  from  the  inorganic  world  to 
the  lowest  forms  of  life — protozoa  or  protophytes — we  enter 
another  region.  Living  organisms,  while  necessarily  obedient 
to  the  larger  laws  of  nature  and  strictly  conditioned  by  tem- 
perature, gravity,  light  and  other  fundamental  phenomena, 
show,  nevertheless,  important  reactions,  responses,  movements 
and  other  properties  through  which  they  actively  resist,  and  may 
even  refuse  to  obey,  the  less  imperative  calls  of  their  environ- 
ment. And  as  we  rise  in  the  scale  toward  higher  plants  and 
higher  animals,  we  find  a  constantly  greater  and  greater  ten- 
dency not  to  yield  passively  to  environment,  typified  at  its  best 
and  largest  in  men  like  Tennyson's  Ulysses: 

"  Made  weak  by  time  and  fate,  but  strong  in  wiU, 
To  strive,  to  seek,  to  find  and  not  to  yield." 


This  tendency  often  amounts  to  an  actual  control  of  many 
elements  of  environment  by  living  things  in  their  own  interest, 
and  it  is  worth  while  to  observe,  in  passing,  that  competition 
and  the  struggle  for  existence  arise  in  large  measure  because 
of  this  tendency  toward  controlling  environment,  for  if  all 
organisms  should  weakly  yield  to  the  things  about  them,  there 
would  lie  no  ** struggle"  for  existence  and,  because  all  would 
be  doing  the  same  things,  no  active  competition. 

Herein  also  lies  the  weakness  of  the  doctrine  of  tatsser  faire, 
which  virtually  assumes  that  interference  with  human  nature 
should  be  avoided  or  at  least  minimized.  But  to  let  nature 
wholly  have  her  way  is  to  revert  to  savagery;  and  while  self- 
development  is  perhaps  the  highest  form  of  development  which  we 
know,  it  is  by  no  means  so  common  or  so  certain  as  to  make 
unnecessary  frequent  altruistic  interference,  or  even  social  regula- 
tion. 

With  the  theory*  of  prevention  in  general  thus  in  mind,  we 
may  pass  on  to  its  illustration  by  examples.  And  first  let  us 
glance  for  a  moment  at  a  form  of  prevention  which  finds  every* 
where  universal  acceptance,  viz.t  the  prevention  of  crime.  The 
prevention  of  murder,  or  the  theft  of  life,  of  robbery,  or  the 
theft  of  property,  and  of  assaults  of  every  sort  harmful  to  the 
the  other  hand,  the  prevention  of  waste  has  never  yet  come  to 
police  power  is  invoked  and  they  yield  to  social  com  nil  On 
individual  fails  to  abate  those  for  which  he  is  responsible,  the 
isms,  So,  also,  it  is  with  the  prevention  of  nuisances.  If  the 
their  application,  they  have  become  not  merely  truths  but  tru~ 
control — or  both.  And  since  no  one  questions  there  ideas  or 
or  the  substitution  for  this  of  the  police  power— that  is,  social 
person  require  either  the  promotion  of  individual  self-control 
be  recognized  as  amenable  to  social  control,  and  unless  the  in- 
dividual seeks  to  compass  it — as  in  America  he  generally  does 
not — nothing  is  done,  Midway  between  the  prevention  of 
crime  and  the  prevention  of  waste  stand  such  forms  of  preven- 
tion as  that  of  disease,  in  which  the  individual  is  expected  to 
do  most,  but  the  police  power  some,  of  the  work — the  proportion 
expected  from  each  varying  with  the  disease  to  be  prevented. 
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Pearson  that  the  prevention  of  child  labor  is  likely  to 
lead  to  race  suicide.  It  has  been  objected  by  others  that  the 
prevention  of  infant  mortality  will  have  the  opposite  effect  and — 
assumption  upon  assumption — it  is  assumed  in  both  cases  that 
these  consequences  are  obviously  pernicious.  We  may,  bow- 
ever,  reasonably  doubt  both  of  these  theorems  and  their  corol- 
laries, for  it  clearly  is  not  safe  to  dogmatize  in  this  matter, 
because  no  one  has  yet  proved  that  race  control — the  so-called 
"race  suicide'* — is  necessarily  disadvantageous,  or  that  the 
prevention  of  infant  mortality  is  unwise.  Instinctively,  we 
feel  that  such  control  and  prevention  are  prevention  desirable, 
and  if  we  ask  for  justification  for  them,  it  is  not  hard  to  find, 
along  the  lines  already  indicated. 

What  then  shall  be  our  mechanism  of  the  prevention  of  infant 
mortality?  Is  it  not,  first,  protection  against,  by  interference  with, 
natural  conditions — just  as  birds  build  their  nests  for  shelter 
against  weather  and  against  their  enemies;  and,  next,  feeding,  such 
as  shall  comfort,  support,  develop,  and  cheer;  and  then  police 
guardianship  against  vagrant  infectious  disease;  and  finally,  and 
best  of  all,  intelligent  parentage?  Let  us  examine  somewhat  care- 
fully each  of  these  foundation  stones  in  the  general  structure  of 
scientific  prevention. 

We  bave  all  heard  of  the  *  exposure"  of  infants,  a  term  which 
describes  a  hideous  practice  in  certain  Asiatic  countries,  under 
which  infants  deemed  superfluous  are  left  to  the  non-human  care 
of  nature  and  speedily  perish,  exposed  to  weather,  wild  IffllUll,, 
or  whatever  conditions  may  happen  to  surround  them.  In 
most  cases,  however,  even  among  savages,  some  shelter  is  im- 
mediately cast  about  the  new-born  child,  even  if  this  be  no  more 
than  that  of  the  wigwam,  the  tent,  a  piece  of  clothing,  or  other 
rudimentary  appliance.  And  going  to  the  other  extreme,  we 
know  how  complete  in  the  best  ordered  homes  of  to-day  is  the 
protection  immediately  thrown  about  the  new-bom  child,  only 
to  be  continued  and,  if  possible,  perfected  during  the  first  few 
months  of  infant  life.  Care  of  this  sort  has  long  been  given 
among  the  well-to-do  even  in  the  prenatal  period,  and  a  move- 
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;'lie  w  omen's  Muxucroai  League  01  Boston,  according  o  one 
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which  ought  to  distinguish  the  best  conditions  from  the  worst*  Id 
the  worst  everything  is  left  to  unaided  nature,  in  the  best,  nature 
is  duly  regarded  but  yet  wisely  interfered  with,  aided,  and  con- 
trolled. 

And  bow  shall  we  secure  these  two  great  foundation  stones 
foe  our  modem  social  structure?  I  know  of  no  other  way  than 
by  making  biology,  the  science  of  life  and  of  living,  the  begin* 
ning  ami  the  end  of  our  educational  endeavor.  We  have  studied 
the  skies  and  the  stars;  we  have  philosophized  on  man  and  his 
destiny;  we  have  built  machines  to  do  our  work  and  sky  scrapers 
to  work  in;  we  have  learned  how  to  imprison  men  and  how  to 
kill  them,  in  war  and  in  peace ;  but  we  have  not  yet  studied  biology, 
or  learned  many  of  the  most  fundamental  lessons  of  the  science 
of  life. 

Discussion  of  infant  mortality  in  the  iStb  century  centered 
largely  around  infant  damnation.  In  the  19th  century  it  shifted 
to  post-mortem  salvation,  but  in  the  twentieth  it  is  turning  toward 
prevention.  So  long  as  one  of  the  most  powerful  intellects  of 
the  1 8th  century —Jonathan  Edwards  ^could  affirm  that  in- 
fants, not  of  the  elect,  M  are,  in  the  sight  of  God,  as  young  vipers/' 
it  was  natural  for  mere  common  folk  to  contemplate  an  exces- 
sive infant  mortality,  not  perhaps  with  satisfaction  but  at  least 
with  resignation. 

The  watchword  of  a  scientific  age  is  prevention.  The  preven- 
tion of  waste,  the  prevention  of  poverty,  the  prevention  of  crime, 
the  prevention  of  pain,  the  prevention  of  disease  and  the  pre- 
vention of  premature  death,  to-day  are  debated  as  never  before. 
But  scientific  prevention,  precisely  because  it  involves  more  or 
less  interference  with  nature,  requires  for  its  foundations  the  com- 
pletest  possible  knowledge  of  nature — including  human  nature — 
and  ot  natural  law;  and  above  all  more  careful  studies  in  biology, 
the  science  which  lies  at  the  basis  of  all  knowledge  of  life  and 
health  and  death.  We  must  have  also  more  and  better  training 
in  all  sorts  of  applied  biology,  such  as  hygiene  and  sanitation  and 
eugenics,  and  medical  sociology  before  we  can  expect  to  interfere 
wisely  with  natural  processes  or  to  control  successfully  the  blind 
forces— of  nature  at  work  about  and  upon  and  within  us. 
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INTRODUCTION. 

Tiif  first  real  clue  to  the  systematic  relationships  of  the  strepto- 
was  furnished  by  Gordon  when  he  {winter!  out  that  these 
organism*  could  be  >e|>arated  into  well  defined  groups  by  a  study  of 
their  fermentative  reactions  in  various  carbohydrate  media  i  Gordon, 
1904;  Gordon,  19051.  Houston  carried  forward  the  application 
of  Gordon's  tests  \  Houston,  1005;  Houston,  iqoo);  and  finally 
Andrewes  and  Horder  1 1006)  founded  upon  all  these  results  a 
rut  tonal  clarification  of  the  genus  into  seven  main  types  or  *|*cirs. 
The  basis  of  their  division  was  statistical  or  biomctrical.  It  involved 
the  examination  of  records  of  many  individual  cultures  (1,200  in 
the  case  of  the  streptococci)  and  the  study  of  the  frequency  with 
which  various  characters  or  combinations  of  characters,  occurred. 
Type  centers,  according  to  the  statistical  method,  are  defined  by  the 
occurrence  of  a  large  number  of  individuals  with  a  given  character- 
istic. These  common  types  among  >uch  variable  organisms  as  the 
bacteria,  may  properly  be  consideml  as  representing  species,  about 
which  the  rarer  varieties  are  grouped. 
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The  chief  characters  of  the  specks  of  i 
Andrewes  and  Horder  are  indicated  coocbefy  m  the  table 
(Table  i).  Strcpc  equina*  is  described  as  rharanenstk  of 
intestine  of  the  faerbtvora.  It  was  afcrandant  in  hofse^iung  and  \ 
the  commonest  form  in  the  street  air  of  London-  AH 
forms  were  primarily  of  human  origin.  Streps  mitis  and  Streps 
falivarius  from  the  normal  throat,  Streps  fetalis  from  the  normal 
intestine,  and  Strept  pyogenes  and  Stnrpt.  anginosm  from  diseased 
conditions. 

TABLE  u 

Tasvl4«  CuummcATum  or  the  Snmococa 
(Aadicirct  «ad  Boeder,  190&) 


Srxcro 

Qumimm 

MOk 

Clot 

Nco- 
tnl 
Red 

Sac- 

Cfaft- 

tow 

SO- 

Ccmf 

Mas- 
Bit 

+ 
+ 

"  pyogenes  

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

One  of  the  most  interesting  practical  points  about  this  classification 
lies  in  the  fact  that  all  the  six  streptococci  of  human  origin  ferment 
lactose,  while  Strept.  equinus,  which  Andrewes  and  Horder  hold  to 
be  characteristic  of  the  intestine  of  the  herbivora,  fails  to  do  so.  If  a 
general  distinction  between  human  and  animal  streptococci  could  be 
demonstrated  it  would  prove  of  much  practical,  as  well  as  theoretical 
importance.  Sanitarians  are  continually  seeking,  and  seeking  in 
vain,  for  some  criterion  by  which  sewage  pollution  of  human  origin 
may  be  distinguished  from  the  surface  wash  of  streets  and  agri- 
cultural land.  The  colon  bacilli  from  the  intestines  of  various  warm 
blooded  animals  have  been  shown  in  many  investigations — the  latest 
and  most  exhaustive  coming  from  Dr.  Bettencourt's  laboratory  at 
Lisbon  (Ferreira,  Horta,  and  Paredes,  1908;  Bettencourt  and  Borges, 
1908a  and  19086) — to  be  identical.  If  the  streptococci  should  prove 
to  be  characteristic  it  would  greatly  aid  the  water  analyst. 

The  work  of  Gordon,  and  Andrewes  and  Horder,  to  which  refer- 
ence has  been  made,  pointed  to  lactose  as  the  best  differential  medium 


C  oil  par  at  t  v  e  Study  of  Intestinal  Streptococci  3 

for  distinguishing  human  and  animal  streptococci.  These  investiga- 
tors showed  clearly  thai  a  large  proportion  of  streptococci  of  human 
origin  ferment  lactose  while  most  of  those  derived  from  horse-dung 
or  street  air  fail  to  do  so.  On  the  other  ham!  Houston  (1906)  in  the 
examination  of  cow  dung  obtained  widely  different  results,  Kighly- 
hvc  (K-r  cent  of  his  cultures  from  this  source  fermented  lactose;  but 
their  reactions  in  mannitt  raffinose,  and  neutral  red  were  somewhat 
characteristic,  Mannit  was  fermented  by  24  per  cent  of  the  human 
cultures  and  by  none  of  the  bovine  strains;  raffinose  was  fermented 
by  32  per  cent  of  the  human  and  by  74  per  cent  of  the  bovine  cultures; 
neutral  red  was  reduced  by  39  ]>cr  cent  of  the  human  strains  and  by 
none  of  those  from  cow  dung. 

These  results  suggest  that  l>oth  the  horse  and  cow  have  character- 
istic types  of  intestinal  streptococci  which  differ  from  each  other  and 
from  those  commonly  found  in  the  intestine  of  man.  Our  object 
in  the  present  investigation  was  to  confirm  this  conclusion  by  the 
study  of  a  new  series  of  cultures  from  the  three  sources.  In  particular 
we  wished  to  obtain  quantitative  results  with  regard  to  the  amount 
of  add  formed  in  various  media.  This  aspect  of  the  question  has 
been  ignored  by  all  the  English  observers,  who  are  content  merely  to 
classify  their  cultures  as  fermenting  or  non  fermenting.  Recent 
studies  of  the  Coccaceae  as  a  whole  have  shown  however  that  exact 
quantitative  data  are  of  much  value  in  classification  (Window,  i</o8). 
We  chose  dextrose,  lactose,  raffinose,  and  mannit  as  the  carbo- 
hydrates to  be  tested.  Dextrose  serves  as  a  type  of  the  simple  sugars 
which  are  fermented  to  some  extent  by  almost  all  streptococci,  l^ac- 
tost  and  raffinose  represent,  respectively,  the  aldehydic  and  anhydric 
groups  of  sugar*.  Mannit  represents  the  alcohols.  Three  hundrrd 
and  two  strains  of  streptococci,  from  human,  equine,  and  bovine 
feces,  were  grown  in  broth*  containing  these  carbohydrates  and  the 
resulting  acidity  in  each  case  was  determined  by  titration.  The 
results  as  analyzed  below  indicate  definite  and  characteristic  differ- 
ences between  the  streptococci  from  the  three  sjxxiea  of  animals. 

Methods.  All  thr  nrrptonxd  ttudkri  were  i*olatrti  (mm  frt*h  t<**\  cotWtrd 
in  11  «Jmlr  tin  *  an  wjih  ti*tit  ntttn«  fuvrr  Htiman  In  o  w*rr  «trf»*itr<J  ifcmtlj  in  tfrr 
can  white  hunr-dung  *nit  tow  <1unK  werr  taken  from  ibr  «ablr  floor  within  *  frw 
ntiftuir*  ahrf  rjn  tjem  StrcjH«xi*xi  wrrr  noUtni  fwm  15  t*m  file*  ol  human  lecea, 
11  sample*  of  hrat  dung,  and  12  ■ample*  of  row -clung.    In  all  ra»r»  care  wa§ 


C  a  loop  of 

,  inciihatini;  Mr  iTinous  periods  from  4  la  f>6  hours,  and  then 
tin  i«i  *imr  Hus  procedure  1*  r  {factual  m  1  dialing  streptococci  from  pot iuied 
17  bin  with  fecra  ii  uitrriy  failed  in  our  hands.  Sporc-Cimrnnj;  bacilli  wrrr  found 
1  the  plats*  or  no  growth  appeared  at  all  It  is  probable  thai  the  streptococci  were 

1  by  oibar  bactrna,  parhnps  by  forma  I  Eke  B.  acidophilus 
We  tbrresure  adopted  the  method  of  direct  plating  on  agar  without  any  prelims - 
and  this  proved  generally  successful*  Two  or  three  I 
were  weil  shaken  op  in  10  c.c  of  3 
i be  rmulung  »u»pcn»ian  carried  ow 
pmsrod  into  a  Petn  dish  and  incubated  at  37"  for  34-**  bonis.  Agar  1 
wnr  made  fiom  nunuir  round  colonies  on  these  pistes  and  the  appearance  of  I 
it  ranks  after  s*~4&  hours  at  jj*  was  grnerally  characteristic.  Streaks  stowing  a  faint 
vriMiLe  growth  or  a  few  dnfttrd  rntanies  or  a  thin  line  contined  to  the  streak  itself  were 
almost  always  *lreptc«ixct.  In  nutating  the  first  no  strains  a  microscopic  exami- 
naiiou  was  made    Smear*  weir  tudned  for  30  seconds  with  cold  auvoi  fuchain  and 

In  every  one  t 


thai  ihe.  haractcrutk  growth  ,d 

cocci  1  an  Is?  easily  Teivfpnaed  by  the  experienced  observer.    Heavy  growths  00  the 
always  proved  10  be  bacilli    Chromogenic,  vigorously  growing  staphylococci 
ere  not  iouna  at  alt. 

Streptix  <x  i  i  were  least  easily  detected  on  the  plates  made  from  cow-dung.  The 

latter  showed  a  grcut  many  small  white  colonies  from  which  selection  was  difficult. 
Four  out  of  live  >  ultures  streaked  from  vow-dung  proved  to  be  bacilli  while  not  one 
out  of  live  ot  the  vultures  isolated  from  horse-dung  as  streptococci  failed  to  prove  so. 

\  nnigh  estimate  was  made  of  the  total  number  of  bacteria  in  one  sample  of  each 
of  the  three  kinds  of  feces,  by  plating  high  dilutions  on  agar,  and  incubating  at  37° 
for  jS  hours.  The  number  of  streptocoeei  was  estimated  by  isolating  and  identifying 
\  olomes  whieh  seemed  »  haracteristic.  The  sample  of  human  feces  showed  an  average 
of  S  million  bacteria  per  gram  of  wet  feces  ami  2,500,000  were  streptococci.  The 
pro|H>rtion  of  streptococci  is  somewhat  higher  than  that  reported  by  MacNeal,  Latzer, 
and  Kerr  1  1000)  who  found  that  streptococci  made  up  from  10  to  20  per  cent  of  the 
total  bacteria  present.  This  is  perhaps  because  MacNeal  and  his  associates  determined 
their  total  count  by  direct  enumeration  under  the  microscope,  while  our  "total"  is  only 
the  agar  count  at  It  is  probable  that  most  of  the  intestinal  cocci  grow  on  ordinary 

laboratorv  media,  while  we  know  that  many  bacilli  and  spirilla  do  not.  In  the  sample 
of  the  horse  fei  es  we  found  an  average  of  3  million  bacteria,  of  which  nearly  half  were 
streptococci.  This  corresponds  with  our  general  experience  of  the  high  proportion 
of  streptococci  in  eipiine  feces.  Cow -dun.;  on  the  other  hand  showed  in  the  sample 
examined  an  average  of  too  million  bacteria  p.»r  gram  of  wet  feces,  of  which  10  million 
were  strepnx  <x  <  i.  This  small  ratio  of  streptococci  taltho  the  actual  numbers  were 
high)  explains  the  diriiculty  experienced  throughout  in  isolating  streptococci  from  cow- 
dung. 

An  interesting  individual  case  was  met  with  in  the  study  of  human  feces,  in  which 
streptococci  could  rarely  be  found  at  all  and  in  which  all  bacteria  growing  on  ordinary 
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media  were  present  in  totnparatnety  «mall  itumlirrs.  Altogether  the  feces  of  i  I  differ- 
ent person*  were  examined  ami  rtreptoeocci  were  easily  ivjlated  in  \o  run.  From  thU 
one  individual,  7  samples  were  taken  and  07  plate*  were  made  by  ihr  usual  method 
(4  h*>p(ul  or  two  from  fete*  to  10  c.c  water  and  n  loopful  or  two  of  water  10  a  plate} 
Only  ti  out  of  the  67  plate*  showed  gmwth  and  but  <j  showed  streptorort  c 

By  the  mrthfHU  ilr-  riWi!  »bm-e  ^oj  ruliurr*  "f  sireptrmmi  wen*  obtained  in  all* 
116  from  man,  too  from  the  bone,  and  86  from  the  cow.  As  soon  as  a  streak  proved 
positive  it  was  iru*  uUu-d  into  broth  ndrf-s  ■  obtaining  the  foui  larhohydratr  media 
le*tril  These  were  inculcated  for  7 2  hours  at  37*  and  then  titrated.  Five  r.c.  of  the 
liquid  in  each  lube  was  measured  nut  into  a  graduate,  mixed  with  45  c.c,  of  di*tilled 
ni4«rr(  am!  titrated  in  the  *o|i!  against  n/jo  NaOtl,  u*ti>K  phrnnjphthalein  at  an  indi- 
c  atnr  Blank  titration*  were  made  at  the  same  time  on  sterile  tubes  of  the  same  batch 
and  thrif  frsull*  *ubtra«trd  from  [In**-  iibiainc  1  i . » r  lUc  hum  uUtrd  tut**-  IV  media 
used  were  in  all  cases  made  up  with  one  per  rent  Wiitc's  peptone,  o  2$  per  cent 
luring  *  beef  eitrau.  and  one  per  rent  of  the  carbohydrate  to  be  tested. 

J\>Mh\r  :uid  reaction*  were  generally  associated  with  obvious  appearance*  of 
growth  in  the  form  of  firof use  w  hite  sediment  along  the  bottom  and  tides  of  the  tubes. 
Irt  a  very  few  cam,  however,  add  waa  produced  in  tubes  which  appeared  |  lear  to 
tk«  eye. 

In  the  ca*r  of  negative  tube*,  with  no  rise  in  acidity  and  no  turbidity  or  sediment 
thr  laik  «.f  development  might  conceivably  be  due  lc»  a  failurr  of  insulation  Great 
tare  was  taken  however  to  transfer  as  much  of  the  cultures  as  could  be  carried  on  a 
platinum  loop.  The  fact  that  obvious  growth  iltwwi  alwav*  t»  1  urred  in  the  dextrose 
broth  tubes  shows  pretty  clearly  that  inoculation  was  not  at  fault  The  contents  of 
*u  of  the  clear  tube*  of  various  media  were  examinee!  by  plating  out  on  agar  Three 
tuf*"^  showed  many  colonies,  u  Omwed  t  to  t>  colonies,  and  tt  showed  none  It  may 
reasonably  be  assumed  that  in  *u<  h  cases  the  streptococci  introduced  bad  simply  failed 
lo  develop  and  gradually  died  out  on  account  of  the  Uu  k  oi  suitable  carbohydrate 
pabulum,  upon  which  these  organ isms  appear  lo  be  highly  dependent 

RESULTS. 

The  results  of  the  inrli\ iclual  titrations  arc  given  in  tabular  form 
at  the  end  of  the  j>apcr.  The  first  column  indicates  the  culture 
examined,  and  the  second,  the  number  of  the  sample  of  feces  from 
which  it  was  derived.  The  figures  for  acidity  represent  the  difference 
bUWWI  the  value  obtained  for  each  culture  and  the  value  of  an 
inoculated  control  incubated  under  similar  conditions.  The  results 
are  probably  significant  within  0.2  per  cent  acidity, 

A  dearer  idea  of  the  meaning  of  these  results  may  be  gained  from 
an  inspection  of  Table  2  in  which  they  art*  grouped  together  into 
acidity  classes,  and  from  C harts  t,  2,  \.  and  4,  which  have  been 
plotted  from  the  values  in  Table  a. 

Dextrose  is  fermented  more  or  less  vigorously  by  practically  all 
the  streptococci  from  human  and  equine  feces,  but  the  streptococci 
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of  man  produce  a  maskedly  greater  amount  of  acid  than  those  from 
hone-dung.  The  mode  for  the  human  cultures  lies  between  3.6 
and  4.0  per  cent;  that  for  the  equine  cultures  between  1.6  and  2.0 
er  cenL  The  streptococci  from  cow-dung  exhibit  two  distinct  and 
tjr  marked  types,  one  forming  about  2.0-2.5  P6*  ceDt  acidity* 
aching  the  value  of  those  from  horse-dung,  and  the  other  group, 
nit  the  same  numerical  importance,  forming  no  acid  at  alL 
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Chant  1. — Acid  producing  power  of  streptococci  in  dextrose  broth. 


In  lactose  the  human  and  bovine  cultures  show  two  distinct  types, 
one^group  yielding  an  acidity  between  2.6  and  3.0  per  cent,  the  other 
group  producing  no  acid  reaction  at  all.  In  the  horse  feces  only  the 
non-acid  type  is  found. 

Raffinosc  is  not  acted  upon  by  any  appreciable  number  of  human 
or  equine  cultures.  On  the  other  hand,  in  the  feces  of  the  cow  a 
small  but  clearly  marked  group  appears,  forming  an  acidity  between 
2 . 1  and  2 . 5  per  cent. 
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Mannit  is  apparently  not  fermented  by  any  important  number  of 
streptococci  in  the  horse  or  cow  but  is  acted  upon  by  a  small  but 
definite  group  of  the  human  strains. 
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These  results  are  compared  in  a  general  way  with  those  obtained 
by  Houston  (1905,  1906)  and  Andrewes  and  Hordcr  (  iqo6)  in  Table  3. 
In  classifying  our  own  results  for  this  table  we  have  considered  all 
results  under  0,5  j>er  cent  as  negative.    The  various  investigations  are 
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,  nnt  nr  Imt  with  the  exception  that  nuTino*e  fermenters  in  both  human 
and  bovine  feces  were  less  frequent  in  our  observations  than  in  those 
of  Houston*  Our  results  also  indicate  a  somewhat  lower  percentage 
of  lactose-fermenters.  All  the  investigations  show  that  streptococci 
from  the  human  intestine  generally  attack  Uciosc  while  some  strains 
ferment  mannit;  bovine  strains  attack  lactose  or  raffinosc;  and 
equine  strains  dextrose  only. 
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*(j«cte»  ol  animal,  the  corrcbibnn  of 
taken  into  account,  its  well  ai  the  actnritr  at  I 

wll  the  origanums  itudied  belong  to  &  unjgic  type,  ctaianrmri  bf 
li  moderate  acid  production  in  daanw  broth  ana  failure  10  attack 
either  of  the  other  carbohydrate*.    This  k  clearly  the  Stm*.  rqmmis 

i  the  other  hand*  the  problem  »  more  complex,  and  cm  fiat 
to  undrrnimxl  by  Kroupini*  the  organisms acconiinc  to  thorreifttian  to 
all  the  larbohydntics  bodied,  which  has  been  done  in  Table  4- 
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One  of  the  most  striking  results  of  this  tabulation  is  the  confirma- 
tion it  atfords  of  the  reality  of  the  type  centers  established  by  Andrewes 
and  Horder.  The  strains  which  fermented  no  carbohydrates  at  all 
may  be  considered  as  weak  forms  which  failed  to  establish  them- 
selves in  any  of  the  media.  Aside  from  this  class  the  only  large 
groups  of  organisms  were  those  named  as  type  centers  by  the  English 
observers,  Strept.  equinus,  Strept.  mitis,  and  Strept.  fecal  is.  Strept 
salivarius  comes  next;  and  the  other  combinations  of  characters  are 
exhibited  by  so  few  strains  that,  with  one  exception,  they  may  be 
considered  as  isolated  variants  from  the  commoner  types.  The 
single  exception  which  may  prove  significant  is  the  type  fermenting 
lactose  and  raffinose  but  neither  dextrose  nor  mannit,  which  made 
up  12  per  cent  of  the  fecal  streptococci  of  the  cow.  If  further  study 
should  confirm  these  results  this  type  may  deserve  a  specific  name  of 
its  own. 
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Reviewing  the  results  as  arranged  in  Table  4  it  appears  that 
equine  feces  contain  only  one  common  type  of  streptococci.  Strcpt, 
equinus,  which  attacks  dextrose  but  cannot  ferment  the  other  carbo- 
hydrates. 

In  the  streptococci  of  human  origin  on  the  other  hand  there  are 
three  common  types.  Of  our  116  human  cultures,  27  fermented 
dextrose  only.  ;6  dextrose  and  lactose,  and  27  dextrose,  lactose,  and 
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rnannit.  The  tins!  type  is  clearly  allied  to  StrepL  equinus;  but, 
while  these  streptococci  exhibit  the  same  general  qualitative  relations 
to  the  sugars  in  the  horse  and  man,  their  vigor  of  fermentative  power, 
when  measured  quantitatively,  is  somewhat  different.  The  equine 
strains  as  pointed  out  above  produce  an  acidity  in  dextrose  of  about 
i  o  per  cent  and  the  same  is  true  of  the  bovine  forms.  On  the  other 
hand  the  human  streptococci  produce  almost  twice  as  much  acid. 
There  is  apparently  a  distinct  variety  of  Strcpt.  equinus  characteristic 
erf  the  human  intestine  which  may  be  recognized  by  its  high  fermenta- 
tive power  as  measured  in  dextrose  broth. 
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One  interesting  point  about  the  non-lactose-fermenting  strepto- 
cocci of  human  feces,  whether  of  the  Strept  equinus  type  or  of  the 
group  of  weakened  organisms  which  fermented  neither  sugar,  was 
their  association  with  diarrhea.   We  were  especially  anxious  to  see  if 
•acteristic  streptococci  were  associated  with  this  condition;  and 
the  15  samples  of  human  stools  examined  were  more  orless  diar- 
al  in  nature.   Of  31  streptococci  from  normal  stools,  only  4 
failed  to  ferment  lactose;  while  of  85  strains  from  diarrheal  stools 
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Chart     — Acid  producing  power  of  streptococci  in  raffinose  broth. 

36  formed  no  acid  from  that  sugar.  Twenty-seven  of  the  36  fer- 
mented dextrose  vigorously  and  9  were  weak  forms  which  produced 
no  acid  in  any  medium.  The  27  strains  which  fermented  dextrose 
only  form  an  interesting  group  differing,  as  noted  above,  in  the 
amount  of  acid  produced,  from  the  type  Strept.  equinus.  Twenty- 
four  of  these  27  organisms  came  from  a  single  individual,  appearing 
in  three  different  samples  of  diarrheal  stools.  Altogether  47  strains  of 
streptococci  were  isolated  from  these  three  stools;  24  of  them  were 
of  the  Strept.  equinus  type  and  19  of  the  24  formed  more  than  3 
per  cent  acid  in  dextrose.   The  other  three  human  strains  of  Strept 
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equinus  were  from  the  diarrheal  stools  of  other  persons;  and  the 
connection  may  prove  to  be  something  more  than  a  personal 
idiosyncrasy. 

The  second  type  of  streptococci  found  in  human  feces,  the  first 
in  point  of  abundance,  was  Strept.  mitis,  which  ferments  dextrose  and 
lactose  but  not  raffinose  and  mannit.  This  organism  was  the  com- 
monest form  in  human  feces  and  second  in  abundance  in  cow-dung. 
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Finally  23  per  cent  of  the  human  strains  belonged  to  the  type  of 
Strept.  fecalis,  characterized  by  fermentation  of  dextrose,  lactose,  and 
mannit.  This  form  was  not  found  at  all  in  the  feces  of  the  horse  and 
but  twice  in  that  of  the  cow,  these  results  corresponding  closely  with 
those  obtained  by  Houston. 

The  intestinal  flora  of  the  cow  appears  to  be  more  complex  than 
either  of  the  others.  Strept  equinus  and  Strept  mitis  are  the  com- 
monest types  but  two  other  forms  were  also  present  in  considerable 


raffinose.  Twelve  per  cent  of  the  cultures  were  of  a  new  type,  not 
apparently  described  hitherto,  having  the  peculiar  property  of  attack- 
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ing  lactose  and  raffinose  but  not  dextrose.  This  is  highly  unusual 
since  dextrose  as  the  simplest  sugar  is  almost  always  fermented  before 
any  other  carbohydrate.  We  have  hesitated  however  to  give  a  name 
to  this  type  while  it  is  characterized  by  only  10  cultures. 
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CONCLUSIONS. 

Thfc  general  result  of  our  investigations  has  been  to  confirm  and 
extend  the  conclusions  of  the  English  bacteriologists.  We  have 
found,  as  Andrewes  and  Horder  concluded  from  their  analysis  of 
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I1**  descriptions,  thai  the  chief  types  of  streptococci  in  the 
normal  human  intestine  are  Strept.  mitis,  fermenting  dextrose  and 
Wt***\  ami  Strrpt.  (rcatis.  fermenting  dextrose,  lactose,  and  mannlL 
In  adaitkm  we  would  call  attention  to  the  presence  of  a  peculiarly 
v^fl&oxvs  yrpe  oi  Sirept.  equinus  fermenting  dextrose  only. 
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Wc  have  found,  as  Andrewes  and  Horder  did,  that  the  character- 
istic streptococcus  of  the  horse  is  the  non-lactose-fermenting  Strept. 
equinus;  and  this  appears  to  be  the  only  form  typically  present. 
Seventy-three  per  cent  of  all  our  equine  strains  belonged  cleaTly  to 
this  type. 

In  the  feces  of  the  cow,  on  the  other  hand,  streptococci  which  fail 
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to  ferment  Lactose  are  relatively  less  common,  as  Houston  showed. 
Strept.  cquinus  is  present;  but  so  are  Strept*  mitis  and  Strept.  sali- 
varius  (fermenting  dextrose,  lactose,  and  raffinosej;  and  we  have 
found  in  small  numbers  a  jieculiar  new  tyj>c  fermenting  lactose  and 
raffinose  but  not  dextrose.    Strept  fecalis,  as  in  the  horse,  is  absent. 

From  the  standpoint  of  the  water  bacteriologist  several  conclusions 
may  be  drawn.  In  the  first  place,  it  appears  that  pollution  with 
road  washings  may  l>e  distinguished  from  wastes  of  other  sons  by  a 
study  of  the  streptococci  present.  Since  most  of  the  pollution  in 
street  washings  comes  from  horse-dung,  and  since  lactose  fermenting 
streptococci  are  comparatively  rare  in  such  deposits,  a  lest  for  these 
organisms  should  have  distinct  value.  Such  a  test  might  easily  be 
made  by  inoculating  tubes  of  lactose  broth,  incubating  for  several 
days,  and  then  plating  on  lactose  agar. 

The  distinction  between  human  and  bovine  pollution  is  also 
promising.  There  are  three  points  of  difference  which  seem 
deserve  investigation.  First  the  presence  of  streptococci  forming 
over  3*5  per  cent  of  acid  in  dextrose  broth  would  seem  in  general 
to  be  characteristic  of  human  stools.  Second,  nifhnose  fermenting 
forms  (Strept.  salivarius)  appear  to  be  more  abundant  in  bovine  than 
in  human  feces.  Third,  and  of  most  imjiortanid  mannit -fermenting 
streptococci  (Strept.  fetalis),  which  make  up  about  one-quarter  of  the 
human  streptococci,  are  very  rare  in  the  feces  of  the  horse  and  cow  ,  In 
this  respect  Houston's  results  and  our  own  are  in  complete  agreement; 
and  the  use  of  mannit  broth  as  a  differential  test  for  streptococci  of 
human  origin  would  seem  sufficiently  promising  to  warrant  further 
study. 

REFERENCES, 

AxDitwfc*,  F.  W  ,  Axt>  Uomtiza,  T.  J.   1906.   "A  Study  of  the  StwfUococd  Pitta 

ftftk  for  Mam"  LamM,  171,  p,  708. 
ItTTOtfOOClT,  A,t  AXD  HoftCfc&,  I     iQoStf.    MRev  hcf«  he*  uu  Lc  B.  roli  do  TrrtrtiW* 
;ftf<nrur*   rl   <ir*   i^mtlr*,"  JrtA#t,ir  dt>  Rral   I nitUttl**  tUitrft^^uc  i  4 «cf it 
F*tf**4t  if  Ka*c.  II,  p,  tit. 

EMODtffct,  A.,  ANU  Jkmcts,  I.    190A6.    "Pcut*on  cUttingurf  ll  tolihariDe  dc 
t'hufnmr  *k  rrlui  <1r-»  ammAU*  au  rtun-rti  <fc  U  U\&U*m  tiu  rumplrmcni,  *  .trtktx+t 
<i*  Rtat  fmtiiutfi  B^teriai^^a  Cmw—r*  Ftxkima,  a,  Fmc.  R  p.  14  5- 
FttwatA,  A,,  Hoar  a,  A*,  A*©  Pa*AIMM,  C    190^    **  Rnhw  hrt  tur  Ir     coli  turn- 
1  (k  iintoUn  lie  I'tammr."  Arrkn+s  dm  R*d  Inttitut*  H+cHneiofifm  Cm 
i,  Im*.  II,  p.  153. 


bi 

ml 

wo 
to 


itoavm.  I4\  1004.  *  Report  on  a  Bacterial  Test  for  Estimating  PoDotkn  of 
Ait,"  SupptewnA  to  the  Tkirty+setond  \nnmtl  Report  of  the  Local  GoTcnaca 
Kuard  siwuming  l^  "  Report  of  Ihe  Medical  Officer"  for  1902-3,  p.  421. 
ftfMMW,  M-  ri\  io©£  M  Report  of  Some  Characters  by  which  Various  Streptococci 
4*1  $t*|*jfcrad  May  Be  Differentiated  and  Identified/'  Sapptasnent  to  the 
r**fH*M  Amnmtt  topmi  of  the  Local  Government  Board  containing  the 
+  Rr|*wi  of  the  Medical  Officer"  for  1903-4.  p.  3SS. 

Mom***  V  C  1405.  *The  Bacteriological  Examination  of  Milk,"  Report  u  ik* 
L*m4m  Cmmty  Cmm^il,  July  11,  1005* 

HutM\  s  \  t\  ioo&  "Report  on  the  Bacteriological  Examination  of  (1)  Deep 
Well  Wjntn;  \j)  rpland  Waters;  and  (3)  Cow~Dung/?  Supplement  to  the 
r**i^f*mrik  Anmtft  Rtpatt  of  the  Local  Government  Board  containing  the 
P  Keiw4t  ol  ihe  Medical  OftVer  "  for  1004*5.  P* 

Mu\i-m.  \\\  J I  .a  nut,  U       and  KEM,  J.  E*    1009.    "The  Fecal  Bacteria  ot 
tfealthr  Mem"        lift*  Ois  ,  6,  p,  1*3. 
txtacwfl^  A3tQ     R<    i  •  joSs    J^fat  ^fyjftfwtd/ic  R&ttiit&ftsiiips  of  tftt  C-  tfcc4icc©c» 

NW  Vofk. 


AN  INVESTIGATION  OF  THE  EXTENT  OF  THE  BAC- 
TERIAL POLLUTION  OF  THE  ATMOSPHERE  BY 
MOUTH  SPRAY.* 

C-B.  A.  Winslqw  akd  K.  A.  Robinson. 

INTRODUCTION . 

Wmi  the  progress  of  exact  knowledge  sanitarians  have  been  led 
lo  place  less  and  less  emphasis  upon  the  pari  played  by  the  atmos- 
phere in  the  spread  of  zymotic  disease.  Bacteriological  studies  have 
that  quietly  expired  air  is  germ  free  and  epidemiological 
imtions  indicate  that  little  place  is  left  for  aerial  transfer  of 
disease  in  any  form  (Chapin,  rgoSj.  Even  sewer  air  has  been  shown 
by  recent  work  to  be  on  the  whole  remarkably  free  from  pollution  with 
bacteria. 

On  the  other  hand.  Horrocks  and  Andrewes  in  England  have 
demonstrated  that  a  local  pollution  of  sewer  air  docs  occur  in  the 
presence  of  mechanical  splashing,  taking  the  form  of  a  fine  spray  of 
sewage,  temporarily  suspended  in  the  air.  Similarly,  the  work  of 
Ftugge  and  his  pupils  has  shown  that  in  sneezing,  coughing,  and  loud 
speaking  a  spray  is  thrown  out  which  contaminates  the  air  for  a  con* 
siderablc  distance  with  bacteria  from  the  mouth.  It  has  been 
generally  assumed  that  this  mouth  spray  may  be  an  important  factor 
in  the  spread  of  tuberculosis,  and  other  diseases  affecting  the  re&pira- 
tracL 

The  real  importance  of  the  mouth  spray,  as  of  any  other  vehicle 
of  disease,  can  be  properly  determined  only  by  quantitative  invest! 
gations.  The  day  of  qualitative  sanitation  is  fast  passing.  Notf 
"Is  such  a  thing  ilangerous  ?"  but,  "How  dangerous  is  it?"  is  the 
question  we  ought  to  ask.  Applying  this  criterion  to  the  bacterial 
vontent  of  sewer  gas  one  of  the  writers  has  been  led  to  the  conclusion 
that  on  the  whole  the  danger  of  infection  from  that  medium  is  very 
slight  (  Window,  1009).  In  the  present  investigation  the  attempt  has 
been  made  to  apply  similar  quantitative  standards  to  the  mouth  spray 
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the  extent  of  air  pollution  with  mouth  bat- 
is  sufficient  to  be  measured  bactcriologi- 
in  the  spread  of  zymotic 


It* 


an  rnr  r>is*n*Ruic  of  bacteria  in  mouth  spray. 
irj.l  his  pupth  that  we  owe  the  most  careful  studies  of 
of  disease  germs,  either  in  the  form  of  dust  or  in 
(FlOflRe.  and  1807*)-    He  was  the  first  to  lay  special 

«p*tfi  ibr  iiaqfrt  hum  the  spray  produced  in  coughing  in  the  case  of  tuberculosis 
t&Hri,  «nd  vo  point  out  bow  much  more  important  this  danger  is  than  the 
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posvihilm  that  the  disease  may  spread  through  the  blowing  about  of  dried  sputum 
which  Ivforc  this  time  had  Iwn  accepted  on  the  basis  of  Cornet's  classic  work  (Cornet, 
iSSo>  as  the  principal  mode  of  disseminating  the  disease. 

The  nrst  important  cvtvriments  ujvn  mouth  spray  were  carried  out  by  Lascht- 
svhenko.  and  ujvm  them  Vlugge's  earlier  papers  were  largely  based,  altho  the  full 
results  were  not  published  until  two  years  later  ^tvaschtschenko,  1899).  The  general 
method  employed  in  these  experiments  consisted  in  inoculating  the  mouth  with  a  heavy 
suspension  of  H  prodigiosus  in  normal  salt  solution  and  then  causing  the  subject  to 
cough,  sneeze,  or  sixwk  loudly  tor  a  specified  length  of  time.  Agar  plates  were  exposed 
at  various  distances  to  receive  any  bacteria  which  might  settle  upon  them.  Some  of 
the  experiments  were  made  in  a  glass  chamber  of  3.  2  cubic  meters  capacity  provided 
with  an  opening  for  the  mouth  of  the  investigator;  others  were  carried  out  in  rooms  of 
50  anil  00  cubic  meters  capacity. 

Quiet  speaking,  in  the  glass  chamber,  showed  a  few  colonies;  in  the  larger  room, 
none.  The  results  for  moderately  loud  speaking  and  for  loud  speaking  we  have 
tabulated  for  convenient  reference  in  Tables  1  and  2. 

A  general  summary  of  all  the  loud  and  moderately  loud  speaking  experiments 
grouped  together  is  given  in  Table  3. 
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and  sneezing  of  courae  gave  higher  results  which  need  not  be  con- 
I  in  detail  Sneezing  distributed  the  infection  for  nine  meter*. 
'J  be  mo*t  ttgmlu  Ant  of  Ijtv  ht*  henko'ft  experiment*  were  carried  out  with  tuber- 
c  utau*  |»tirnt%  7~bc  coughing  of  such  a  ^ticnt  while  sitting  for  in  hour  in  the  gU*s 
chamber,  to  which  reference  ha.*  been  made,  distributed  virulent  tubeule  \ia* 
a*  evidenced  by  unirnal  tests  marie  with  normal  salt  solution  exposed  in  the  chamber 
;  the  test.  1  Tie  actual  extent  of  the  air  pollution  wat  however  ilight,  a*  *hown 
by  drawing  citf  the  air  of  the  chamber,  filtering,  ami  injrt  ting  inti>  guinea-pip,  When 
urum,  of  air  per  hour  were  examined,  no  positive  result*  were  obtained;  but 
out  of  five  trsu  covering  a  period  of  tive  hours  r*i  hp  and  involving  the  filtering  of  to 
mnL  of  air  in  each  case,  two  tests  showed  virulent  tubercle  bacilli. 

Hubrnrr  ir.VS)  carried  out  a  series  of  vimilar  experiments  with  a  view  to  the 
of  infecting  patient*  utwn  the  operating  table  from  the  mouth.    HU  method 
ted  in  expoaing  four  agar  plate*  about  50  cm.  in  front  of  and  below  the  face  of  a 
>  had  infected  his  mouth  with  H  prodigiosu*    In  ti  experiments  in  which 
counted  aloud  for  10  minutes  the  nuinl*>r  of  cokmirs  on  the  four  plates 
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eaned  from  101  10  1*507  and  averaged  45*,  two  test*  with  three  or  four  tough*  fctvr 
32}  and  ttit,  oitunie*  ami  in  two  tr^t*  a  *ing|r  snre*e  gave  an  uncountable  number. 

Along  similar  lines,  Hamilton  O005)  ha*  shown  that  Mreplococci  are  expelled 
froen  the  mouth  in  coughing,  >i*eakmg.  and  even  forcible  breathing,  and  ha*  empha- 
turd  the  <langer  of  surgical  infntiun  from  ihU  *-mirr, 

V.  WeUmayr  (i*oS)  obtained  somewhat  different  results  whii  h  indicated  a  more 
rest rk  ted  distribution  of  mouth  »pray  than  that  rrf»»rted  by  other  observers.  He 
found  H  prodigious  on  plate*  directly  in  front  of  a  coughing  subject  in  quiet  air  up  to 
y  of  4  meters,  but  not  beyond  and  not  out  of  the  acme  directly  in  front  of  the 
When  the  air  of  the  room  was  agitated,  however,  he  found  small  number* 
rilli  I -J  meter*  behind  and  at  the  ude  of  the  subject,     hi  shaking  experiment! 

K*  be  traced  at  distance*  over  1  meter.    Stoic*  eiposed  before  the 
ing  consumptives  showed  tubercle  ba*illi  only  rarely. 
The  mo*t  exhaustive  oi  all  thr  cxperirnentaJ  studies  «>l  the  spread  of  B>  prvligioaus 
to  mouth  spray  was  perhaps  that  carried  out  by  Koenigrr  (looo),     He  followed  in  the 
the  method*  of  I  jt«  htwhmko,  nuking  in  all  1*  speaking  experiment*  in  two 
v  one  of  07.  the  other  of  440  cu  m  capacity,    Hi*  main  resuiL*  have  I 
in  Table  4. 

olmvetl  also  the  anmunt  i»J  infested  spray  di*  barged  br  1 
1  and  xhoned  that  consonants  like     ami  f  caused  the  greates 
The  amount  U  »pm>  of  course  increased  with  knidiws*  and  sharjrfie^  of  1 
in  I  he  Uble  below,  whispering,  with  its  clear  < 
than  gentle  spee*  h  in  an  ordinary  ume- 
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k.vmpri  frimd  B.  prodiguieiis  on  hi*  plates  in  all  parts  of  the 
4taMM«  cit  t«.4  w^rrn  in  front  ol  the  speaker  and  at  one  side  of  and  behind 
t*  iNu  rr»|*M  hi*  mull*  differ  from  those  of  v,  Wettmayr.    On  the  other 
uM.it  i 1  | *  1 1 1 ,i 1 1 1  nhneivatioiii  on  the  length  of  time  for  which  the  bacilli 
in  ihe  air  whhh  eontrad^t  I:1uxx?\  (*v"*  lution,  Iwwrd  on  experiments  with 
q«*y,  that  hattrrift  from  the  mouth  might  remain  suspended  in  the  air  for  4  or 

ptM  ce-neml  o*\ilta  are  brought  U^ther  tn  the  table  below.  B 
wm  new  found  tn  quiet  aft  an  hour  after  the  *t*aking  had  ceased,  tho  when  the 
thr  rout*  wa»  ajptated  It*  moving  about  and  opening  and  shutting 
hour  and  a  1m  If. 
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•  Air  agitated. 

Experiments  with  B.  mycoides  made  in  similar  fashion  showed  a  much  more 
limited  distribution  of  mouth  spray  than  was  observed  in  the  case  of  B.  prodigiosus. 
Out  of  105  plates  exposed  during  15  minutes'  sjx»aking  only  23  showed  colonies  of  the 
specific  germ.  The  average  number  of  colonies  per  plate  was  7  and  the  maximum 
distance  3  meters.    All  plates  exposed  10  minutes  after  speaking  were  sterile. 

Gordon  in  England  was  the  next  to  take  up  this  work  and  his  investigations  con- 
firmed in  all  respects  the  work  of  Laschtschenko  and  Koeniger  (Gordon,  1904).  Repeat- 
ing the  B.  prodigiosus  experiments  he  traced  aerial  infection  for  12.2  meters  in  front 
of  the  subject  and  for  3.7  meters  behind  him.  We  have  summarized  these  particular 
experiments  in  Table  6  below.  Gordon's  most  important  contribution  to  the  whole 
subject  lay  in  the  suggestion  that  the  mouth  streptococcus  might  be  used  as  a  normal 
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inde*  of  tnouih  pollution  without  ihe  u>e  of  anibt  ul  B  pn*lifcio*us  int*  ulattons,  but 
thtt  .ivjr.iuf  hi*  work  will  tir  <on»j<lrrrd  fartht-T  oiv 

Mention  may  perhaps  be  made  here  ul  csprrtments  by  FTilKge  (iSg;)t  Due  burr, 
Mtgrlf,  *rul  Rapp  (iHqo),  mod  Hutchison  (1901),  whith  have  *hown,  a*  mitfht  Ijc 
clpnleti,  that  bacteria  ertilkially  iprayed  mio  the  air  1  an  lw  transmitted  by  air  cur 
rent*  of  low  velocity  for  considerable  distances,  ttuchner,  Mrtfele,  ami  Rapp  found  a 
Umllinc  velocity  of  1  mm  pet  vroml  for  I!  ;ih»hto*u4  and  13-18  mm  per  tvstmd 
l«  »t  vea*t  teU»  i  □  mk  ron*  in  diameter  I  itlk  r  an  be  learned  from  *ik  h  nperirnents 
a*  to  thr  behavior  of  the  mouth  spray  itself  ^  hit  h  may  Ijc  l»  a  mmli  ([nwr  *tair  ul 

AMam 

So  far  reference  ha*  been  made  for  the  tnoit  part  only  to  experiments  in  whk  h  li. 
p«odijpo»u*  *a*  u-ni  a*  an  indu  atur  of  ihr  distribution  of  lu*  tcna  m  ihr  mouth  iq.ray 
Another  important  aeries  of  invest  i Ration*  Ha*  dealt  morr  directly  with  the  practical 

TABLE  a, 


question  of  the  ipread  of  tuberculosi*  by  olwervation*  of  the  l*chaiior  of  the  tubercle 
banUu*  itself.  Ijlm  htw  hruko'*  work  alting  thin  hnr  ha*  atrrady  t»crn  discusses!. 
Al  about  ihr  aame  time  Fntfleruann  <  an  I  ffeymann  (iKuo}  showed  that  tubercle 

taU  could  be  detected  on  plate*  of  various  sort*  exposed  within  05-1  meter  of 
ornithinic  fitmiumiflivrs.  and  Hermann  «u*teedrd  >n  infatinjr  r>  nut  of  jcuinra-ptK* 
exposed  2D- -^im  in  front  of  roughing  consumptives,  with  head*  hied  toward  the 
patient*. 

rrankrl  [\H**})  found  that  out  of  >t>  mask*  worn  by  tuljercuJoui  patients  5J 
showed  roatopn  evidrn*  c  of  <  oniaminalloii  with  *put  urn  p  in  jo  of  the  Utter  tubercle 
bacilli  cotlM  bt  demonstrated  by  staining.  Fourteen  patient*  wore  the  mask*  in  these 
experiments  Two  yielded  positive  result*  almost  always,  one  frequently,  3  once  each, 
and  H  ne*er  showed  tuberx  la  bacilli  on  the  maaks. 

In  a  later  invrstipuion,  Hermann  1 10c  1  \  \hui  up  a  couching  consumptive  patient  in 
a  small  *  ham  bet  for  an  hour  or  Iw.l  \t  thr  1  of  tht*  jirho-J  ihe  pattern  left  the 
rhambri  and  broth  plate*  were  etpoaed,  after  the  chamber  had  remalne*!  quiet,  fur 
taryinU  period*,  15,  30,  or  (to  minutev  ( if  j4  irumra  pig*  mrxulatrd  with  broth  thui 
ripu*rd,  twi.  whi^  h  had  rr.  rivnj  bn*th  r* j-»*e*I  jo  minute* after  the  end  of  the  coughing 
developed  tubercuU>tif-  In  a  second  senes  of  tests  the  air  in  the  k  harat*r  wai  drawn 
ol!  and  waaheil,  ami  ihr  sediment  In  thr  v*a*liin^»  irntrifuirrd  and  tnje*tei|  of  14 
guinea  pi irs  lnjecte«i  with  the  secJtmenl  from  ;  cu  m  of  air  drawn  ufl  while  the  tounhinu 
mat  in  progress  only  two  rwvame  imVted.  *4  sj  Rumrw  pijet  in>e*1ril  wtth  the  m*U* 
ment  from  ti  cu  m  of  air  dr»*n  otT  at  {vnmfs  of  t«-6o  minutes  aftrr  the  toughing 
«top|irdT  all  remaine*!  *nund  Man*  more  rn  ent  observm  have  shown  that  tuben  le 
liarllli  may  be  found  on  plates  rxp^rd  Morr  ti.ujcmn*  <  oa*urn pti rea  Tim  moat 
eaJiaustivc  of  these  investigation*  it  per  hap*  that  of  Zieache  (1907).    lie  arraAged  a 
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mouth  of  phthisical  patients  and  counted  under  the  microscope  the  number 
:le  bacilli  discharged  in  half  an  hour*  Of  the  patients  examined  only  once 
r  cent  gave  positive  results;  of  those  frequently  examined,  78.9  per  cent, 
jer  20  out  of  62  tests  were  positive.  Of  the  >.j  [^itive  plates,  3  showed  less 
bacilli,  15  from  ro  to  too,  7  from  roo  to  500,  2  from  500  to  1,000,  one  1,445, 
*  20,174  bacilli. 

ular  observations  fiave  been  made  in  the  case  of  leprosy.  Scbaftcr  (189S) 
jprosy  bad lli  on  glass  plates  exposed  before  the  mouth  of  a  leper  after  10 
1  n  fling.  Plates  near  the  mouth  showed  many  thousands  of  bacilli  and  in- 
ould  be  traced  to  a  distance  of  1 . 5  meters.  These  experiments  were  repeated 
afirmed  by  Hubener  (1898)  in  a  paper  to  which  reference  has  been  made 

is  sufficiently  clear  from  a  consideration  of  all  these  investiga- 
ihat  bacteria  may  indeed  be  discharged  from  the  mouth  in  such 
f  as  to  spread  disease.    On  the  other  hand  it  seems  equally 
from  the  tuberculosis  experiments  that  the  practical  danger 
nfined  to  a  local  discharge  of  spray  rather  close  to  the  mouth  of 
ntient.    Rightly  interpreted  there  is  no  basis  in  any  of  this 
for  the  conclusion  that  disease  is  spread  broadcast  through  the 
sphere.    Professor  Flugge's  own  treatment  of  the  matter  is 
«^icial  and  conservative.    He  lays  stress  only  on  coughing,  not  on 
speaking,  as  a  possible  danger.    He  points  out  that  in  experiments 
carried  out  by  his  pupils  tubercle  bacilli  were  abundant  only  within 
0.5  meter  of  the  coughing  patient  and  that  beyond  1.5  meters  their 
number  was  so  small  as  to  make  the  chance  of  infection  practically  nil. 
He  notes  that  only  certain  phthisical  patients  discharge  infected  spray 
when  they  cough  and  that  others  do  so  only  at  certain  periods  of  the 
disease,  and  only  at  certain  times  of  day.    In  one  of  his  first  papers 
(Fliigge,  18976),  he  says:  "Altogether  it  appears  that  under  natural 
conditions  the  infection  resulting  from  sputum  spray  is  not  so  sig- 
nificant as  one  might  think  at  first  sight."    In  a  later  paper  (Fliigge, 
1901)  the  following  rational  rule  is  laid  down:   "During  strong 
paroxysms  of  coughing,  the  consumptive  should  keep  at  arm's  length 
from  his  companions  and  should  hold  a  handkerchief  before  his 
mouth.    In  workrooms,  offices,  and  such  places  the  space  between 
the  heads  of  the  workers  should  be  at  least  1  meter." 

No  exception  can  be  taken  to  such  conclusions  as  these.  Unfor- 
unately,  however,  others  have  not  been  so  conservative.  The 
subject  ia>i°sus  experiments  particularly  have  lent  themselves  to  mis- 
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leading  interpretations.  It  is  common  to  statements  to  the  effect 
that  bacteria  an'  discharged  from  the  mouth  in  couching,  sneezing, 
ami  even  loud  shaking  to  distances  of  12  meters  and  in  all  directions 
behind  as  well  as  in  front  of  the  subject;  and  from  such  unqualified 
statements  the  inference  is  implicitly  drawn  that  a  general  infection 
of  the  atmosphere  lakes  place  over  a  wide  radius  and  that  there  is 
real  danger  of  infection  from  breathing  the  air  in  the  neighborhood 
of  a  consumptive.  Frankel  (1899)  early  took  up  an  extreme  |«>sition, 
speaking  of  spread  through  the  air  as  the  "most  frequent  cause  of 
tuberculosis/'  and  recommended  ihe  wearing  of  masks  by  tuberculosis 
patients  discharging  bacilli  freely.  This  was  ten  years  ago,  it  is 
true;  but  Temieloo  (1908)  at  the  las!  Tuberculosis  Congress  said: 
u  It  has  been  proved  by  numerous  experiments  (Cornet,  FlQggc,  etc.). 
that  bacteria  floating  in  the  air,  either  in  dry  dust  particles,  or  sus~ 
ptnded  in  minute  fluid  particles,  may  be  inhaled  into  the  bronchi, 
bronchioli,  and  air  vesicles,  where  they  fall  down  just  like  inhaled 
dust  particles;"  Pannwiu  (  i<>o8i  said:  "If  they  contain  a  coughing 
tuberculous  patient,  inclosed  s)*accst  such  as  d welling  houses,  work- 
shops, counting-rooms,  public  halls,  railway  coaches,  and  steamer 
cabins,  are  speedily  converted  into  tuberculosis  inhalatoriums  in 
which  healthy  persons  may  infect  themselves/1  ami  Bcrnhcim  (1908) 
recommended  the  wholesale  disinfection  of  air  on  the  ground  that 
M  there  is  an  intimate  relation  between  tuberculosis  and  the  microbes 
of  the  air.  The  more  highly  the  atmosphere  is  charged  with  bacteria 
the  greater  is  the  number  of  consumptives  living  in  that  unhealthy 
environment/* 

As  a  matter  of  fact  it  can  be  shown  that  even  the  B.  prodigiosus 
cxiKTiments  do  not  indicate  any  general  atmospheric  inflation  in  lh* 
proper  meaning  of  the  term;  and  studies  of  the  discbarge  of  tubercle 
Willi  and  of  normal  mouth  bacteria  show  that  the  spread  of  these 
organisms  is  insignificant  in  comjiarison  with  the  discharge  of  B.  pro- 
digiosus  in  culture  media  with  which  the  mouth  has  been  artificially 
infected. 

repetition  of  nmipfw  rxPFmyrMs  on  \i*  pollihon  bv 

UOL'Tlf  SMI  AY  USING        PRODIOICXSTS  AS  A  TEST  ORGANESH. 

The  first  object  of  our  own  experiments  was  to  extend  and  place 
on  a  quantitative  basts  the  work  of  Htigge's  pupils  on  air  jkiII 


r". 


*V«*y    It  w*s  necessary  therefore  to  follow 
cW^.  vwin^  B,  prodigiosus  as  a  test 

sim|d?  cxjKisurc  of  plates,  in  order  to  be  : 

,  Ml  MM  «m  uuriy  dopBaiied  A:  ( 

inmaaiHifTl  Mhriirfcmrrl  volumes  of  air  and  « 


Mtftfll 

i    w  iMprtwi**       employed  in  I 

wmt&  mm  &  fm^imm.   The  first  was  to  pour 
*t  4t»<  e*hv**v  »Jb»te  **  a*  to  grt  a  s        ion,  rinse  out  the  i 
tftfe     vmipmtom  toe  a  miautt\  ami  i       the  surplus  i 

»  ******  the  otginiams       tly  from  the  culture  to  the 
^MM^tft  pfetteum  loop.  The  third  was  to  transfer  the 
IWttWfe     a  taft  to  a  $roall  quantity  of  water  (t  or  a  cc.)  which 
«wM  fci  #w*N^f  wt*&wi  in  the  tsmiih.   The  last  method  proved 

|  WMlV  lw«  ttf  the  saliva  at  the  close  of  the  expert 

mlk  tWgtlHy  »Wrad  ttat  R  prodigiosus  was  present  in  io  *  cc, 

\*  tf*  ftrrt  »  **J*f*»e*t*  the  subject  read  from  a  book  in  a  loud 
tOt*  W*l  ftt  ft  Ifcwfr  fftpM  rate.  Beginning  with  Experiment  n  and 
i\tttttnmi^  thtvugh  the  series  the  subject  repeated  from  memory 
verses  in  tatghvh  atul  vieunan*  in  a  loud  tone  and  with  exaggerated 
enunciation,  t  he  vttscatxhtig  of  the  Ux>k  appeared  to  facilitate  the 
^jxrxNAvl  of  bacteria. 

The  tot*  were  carried  out  in  three  laboratories  of  the  Institute 
of  Technology.  Two  of  them  are  about  6X8  meters  in  area  and 
3,7  meters  high;  the  third  is  u\S  meters  and  3.7  high.  In  the 
qualitative  work  ordinary  plates  were  cx{x>sed  in  different  parts  of 
the  rooms  at  varying  heights  ami  at  varying  distances  from  the 
speaker.  The  speaking  usually  lasted  for  15  minutes  and  the  plates 
were  exposed  during  this  time  ami  for  a  varying  period,  generally 
three-quarters  of  an  hour  afterward.  The  speaking  was  done  by 
four  different  subjects  during  the  course  of  the  experiments. 

The  general  results  obtained  by  the  simple  exposure  of  Petri 
plates  are  indicated  in  Table  7.  The  speaking  was  continued  for 
15  minutes  in  each  case  except  in  Experiments  14  (7  minutes),  15 
(13  minutes),  and  21  and  23  (10  minutes). 

It  will  be  noticed  that  the  substitution  of  speaking  for  reading, 
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at  and  after  Experiment  i  tf  caused  an  increase  in  positive  results  and 
that  as  the  later  experiments  progressed  the  number  of  bacteria  on  the 
plates  continued  to  increase,  perhajfc  as  a  result  of  more  thorough 
inoculation  of  the  mouth  or  more  vigorous  enunciation.  Control 
plates,  22  in  number,  exposed  just  before  Experiments  ig  and  20, 
were  all  negative,  showing  that  no  serious  permanent  pollution  of 
the  room  air  had  taken  place. 

In  general  these  results  agree  closely  with  those  obtained  by 
German  and  English  observers  cited  earlier  in  the  papier.  Tfc 
more  important  data  arc  presented  for  comparison  in  Table  8. 

table  «, 

CcmWKXATtY*  fcnoui  on  Vuwra  Onutiu  o*  Exrotni  at 
I'Ottr  TK5  91  ilm  m  5*»4Y. 
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Laschlschcnko's  figures  are  a  little  high;  but  with  that  ex< 
the  results  arc  entirely  concordant.  It  is  dear  that  loud  speaking 
discharges  bacteria  from  the  mouth  in  the  form  of  spray;  and  that 
by  inoculating  the  mouth  of  the  speaker  with  B.  prodigiosus  and 


and 
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tstixr  data  in  regard  to  the  distribution  of  the  mouth  spray 
c  may  be  obtained  by  aniryring  the  results  of  our  expen- 
icrcrding  Id  the  distance  of  the  plates  from  the  position  of  the 
L   The  results  lor  etch  point  at  which  ten  or  more  plates  were 
a  in  different  experiments  are  brought  together  in  Table  9. 
mriest  pollution  appears  to  be  between  2  meters  and  4.5  meters 
be  speaker*   The  sprar  from  the  mouth  probably  shoots  over 
rhkh  are  too  near,  and  the  particles  which  are  carried  beyond 


Some  idea  of  the  general  ex: em  of  superficial  pollution  due  to 
mouth  spray  may  be  grained  from  the  following  considerations.  In 
the  room  used  for  all  the  pbte  experiment  except  7,  9.  and  12,  254 
plates  w^re  ext»osed  and  774  colonies  of  B.  prodigiosus  developed,  an 
average  of  5 . 5  colonies  per  plate.  The  total  area  of  the  room  was 
480.000  sq.c.  an d  the  mean  area  of  a  plate  54.5  sq.c  Assuming 
thai  all  the  organisms  above  a  pbte  settled  upon  it.  the  mean  number 
of  B.  prodigiosus  in  the  whole  room  in  each  experiment  would  be 
4!c^  *  ~  07  and  the  number  discharged  on  a  square  meter 

of  surface  "by  15  minutes*  speaking'  would  be  040, 

QU  ANTTT  A  77YI   MXTHOT>S  OF   EN  VllER  A  TIN  G  BACTERIA  DC  THE  AIR. 

The  various  processes  suggested  for  enumerating  bacteria  in  the 
air  may  be  class iued  broadly  under  two  main  heads,  filtration  methods 
and  sedimentation  methods.  In  one  case  a  measured  volume  of  air 
is  filtered  through  a  powdered  solid  medium  asbestos*  salt,  sugar, 
sodium  sulphate,  cotton,  sand,  glass  wooJN  or  is  bubbled  through  a 
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liquid.  The  solid  filtering  medium  is  washed  in  sterile  water  and 
aliquot  jx>rtions  of  the  water  are  plated;  or  portions  of  the  liquid 
through  which  the  air  has  Keen  bubbled  are  plated  directly.  In  all 
these  procedures  there  is  some  danger  that  bacteria  may  be  lost  if  the 
medium  is  not  of  sufficient  fineness,  or  if  the  passage  of  the  air  is  too 
rapid  or  if  the  connections  of  the  apparatus  are  not  all  tight.  The 
propc t  collection  of  samples  with  a  fine  filter  on  the  other  hand  is  time 
consuming. 

The  second  group  of  methods  involves  the  exposure  of  surfaces 
of  nutrient  media  upon  which  the  bacteria  from  a  known  volume 
of  air  may  settle  out  and  on  incubation  develop  colonies.  In  its 
most  primitive  form  ordinary  Petri  plates  are  left  open  in  a  room  for 
known  periods  of  time.  The  objection  u>  this  is  twofold.  In  the 
first  place  the  bacteria  which  fall  upon  the  plates  arc  not  related  to 
any  determinable  quantity  of  air.  In  the  second  place  their  number 
will  vary  greatly  with  the  effect  of  chance  air  currents.  Hesse  long 
ago  founded  a  more  exact  method  upon  this  general  principle  by 
drawing  air  slowly  through  a  long  cylindrical  tube  lined  with  nutrient 
medium.  Recently  an  improvement  on  this  procedure  has  been 
suggested  by  one  of  us  (Winslow,  1008)  involving  the  use  of  two 
liter  and  a  half  bottles,  having  gelatin  on  the  bottom.  The  bottles 
are  joined  by  tubing  in  tandem  and  a  liter  of  air  is  drawn  in  by 
another  water  auction  botde  and  the  bacteria  allowed  to  settle  out. 
The  chief  objection  to  this  procedure  lies  in  the  cumbrousness  of  the 
apparatus  w  hich  requires  the  carrying  about  of  two  large  bottles  for 
every  sample  to  be  examined.  For  investigations  in  the  laboratory, 
however,  this  procedure  has  many  advantages. 

In  the  present  study  three  methods  have  been  used.  Most  of  the 
determinations  were  made  by  the  culture  bottle  method;  and  in 
connection  with  this  procedure  two  methods  of  collecting  samples 
have  been  tried,  one  the  usual  method  of  drawing  in  air  by  con- 
necting the  second  culture  bottle  with  a  water-aspirator,  the  other  a 
vacuum  method  like  that  used  in  collecting  air  samples  for  carbon 
dioxide.  In  this  case  the  culture  bottle  is  first  prepared  by  covering 
the  bottom  with  gelatin,  plugging  with  cotton,  and  sterilizing.  At 
the  same  time  a  number  of  vaselined  one  hole  rubber  stoppers  [Jugged 
with  three-inch  lengths  of  capillary  tubing  are  separately  sterilized 


jp^«jt  in  dm  the  breakage  would  be  heavy;  but  after  sterilization 
the  Miqygs  amy  be  substituted  for  the  cotton  plugs.  Each  bottle 
it  that  attached  bf  the  capillary  rube  to  a  suction  pump  and  the  air 


Nrco  obtained*  The  captBazy  rube  is  now  sealed  in  a  flame  and  the 
mmpk  of  air  wmj  be  taken  at  any  time  fay  removing  the  stopper. 
The  danger  of  leakage  from  imperfectly  fitting  stoppers  is  consider- 
&fwr  in       BRDon  ana  tnanv  Dortjcs  must  oe  QiScarrieG  out  mere 
a  gfttat  «vsag  of  use  m  sampling. 

Another  niilhad  used  ill  a  few  determinations  is  a  simple  modifies- 

iwtection  frum  air  currents.  An  ordinary  plate  is  opened  and  a 
cuv*ml  cylinder  a  iinle  larger  than  the  phle  and  a  boat  20  cdl  high 
m  phwxd  aver  it  The  apparatus  b  allowed  to  stand  for  half  an  hour 
my  that  the  bacteria  may  settle.  Finally  in  some  of  the  later  experi- 
anfts  with  mouth  bacteria  the  sand  filter  method  was  used,  air  being 


meshes  to  the  inch. 


QIWNTITUIVK  STCPY  OF  AIR  POLLUTION  BY  liOUTH  SPRAY  USING 
B.  PROPIGIOSCS  AS  A  TEST  ORGANSDC 

There  are  two  objections  to  the  method  of  exposing  Petri  plates 
as  a  measure  of  true  air  pollution.  In  the  first  place  the  procedure  is 
necessarily  an  inaccurate  one  since  the  number  of  bacteria  settling 
is  con<  litioned  not  only  by  the  number  present  in  the  air  but  also  by  the 
amount  of  motion  in  the  atmosphere.  In  a  strong  current  of  air  the 
plate  method  must  yield  results  which  are  relatively  too  low.  On  the 
other  hand  in  quiet  air  with  heavy  particles  falling  through  it  the 
results  of  the  plate  method  must  be  too  high.  In  the  special  case 
with  which  we  arc  concerned  the  loud  speaking,  coughing,  or  sneezing 
produces  a  fine  rain  which  falls  more  or  less  rapidly  during  the  period 
of  actual  speaking  and  for  a  short  time  afterward.  The  rate  of  fall 
for  small  falling  bodies  may  be  approximately  determined  from 
Stake's  law  which  for  spheres  of  density  1,  calling  the  density  of  air 
.00018  and  calling  g  980,  reduces  to  the  form 

v=»  i,20o,ooora 


where  v  is  in  centimeters  per  second  and  r  is  the  radius  of  the  falling 
particle  in  centimeters.  An  ordinary  bacterium  with  a  radius  of  about 
o  oooi  cm.  should  therefore  fall  through  quiet  air  at  a  rate  a  little 
under  0,012  cm.  j>cr  second,  or  about  17  inches  per  hour.  If  single 
isolated  bacteria  were  discharged  in  the  mouth  spray  their  fall  would 
be  slow  and  would  go  on  for  several  hours.  As  a  matter  of  fact 
however  such  is  not  the  case,  as  is  made  clear  by  Koeniger's  cxjxTi- 
ments  which  have  been  cited  above.  He  found  that  60  per  cent 
of  the  bacteria  in  the  mouth  spray  disappeared  from  the  air  in  10 
minutes,  while  after  20  minutes  less  than  io  per  cent  of  the  original 
number  remained. 

In  two  of  our  experiments  similar  data  were  obtained  by  opening 
all  the  plates  before  the  shaking  but  removing  some  of  them  after 
various  intervals.  The  results  as  shown  below  indicate  no  increase 
in  bacteria  after  the  actual  period  of  speaking  itself. 
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Clearly  the  mouth  spray  is  a  fairly  coarse  rain  which  settles  out 
for  the  most  part  in  15  or  20  minutes.  With  such  a  rain  as  this  the 
ejqtosure  of  plates  must  give  an  exaggerated  idea  of  the  bacterial 
content  of  the  air.  Everything  from  the  air  above  falls  on  the 
plates;  but  a  liter  of  air  should  be  credited  only  with  the  bacteria 
which  it  contains  at  a  given  moment.  Many,  even  of  thesc^  cannot 
fairly  be  considered  as  constituting  real  aerial  pollution  if  they  arc  in 
large  droplets,  for  such  droplets  would  be  too  heavy  to  be  drawn  into 
the  mouth  with  the  inspired  air. 

In  order  to  distinguish  between  coarse  rain  falling  through  the  air 
and  finer  mist  suspended  in  it,  for  a  period  of  some  minutes  at  least, 
we  made  quantitative  determinations  by  the  culture  bottle  method  in 
Experiments  a,  5,  and  o  anrl  in  Experiments  1 5-23,  and  by  the  covered 
plate  method  in  Experiments  7,  8,  22,  and  23.  In  the  first  three 
experiments  the  samples  were  collected  during  the  speaking  by  another 
person.   In  the  last  nine  the  samples  were  collected  just  after  the 
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by  the  covered  plate  method  described 
l  |v  &  ti,  4ml  aj.   Immediately  after  the  close 
rt*  ^Kifc*  th*  *****  ww  opened  and  covered  with  the  cylinders 
Yfefefc  wm  *Uk»*v*t  to  ^t^rKl  50  minutes  for  the  bacteria  present  to 

*vutv\  !.vtK\l  >  th\\w<tvaUv  too  short  but  as  a  matter  of  fact 

the  t%W:>     vhowtt  *t  t\-vt>V  t :  Mow  wen'  higher  than  those  obtained 

bx  the  v'.'t--v!v  Nettle  method. 


»\  Coyykkd  Plate  Method. 
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Altogether  taking  both  vjvumtit;itivr  methods  into  account  140 
liters  of  air  were  examined  and  K  pn\h\:iosus  was  found  seven  times. 
The  four  {\xsitive  tests  with  the  eown\i  plate  were  obtained  at  points 
about  meters  in  front  of  the  shaker.  Two  of  the  positive  culture 
bottles  wen*  at  the  extreme  end  of  the  room,  nearly  7  meters  from  the 
speaker;  the  other  was  at  a  distance  of  more  than  5  meters.  These 


last  results  were  obtained  in  the  two  experiments  out  of  the  whole 
series  (sec  Tabic  1 1)  which  gave  the  largest  number  of  colonics  on  the 
plates. 

GORDON'S  SPECIFIC  TEST  FOR  AIR  POLLUTION. 

There  is  one  weak  point  in  all  experiments  involving  an  artificial 
inoculation  of  the  mouth.  We  have  no  certainty  that  the  bacterial 
emulsion  introducer]  in  this  way  behaves  as  the  normal  or  pathological 
fluids  of  the  mouth  would  do.  It  seems  highly  probable  that  a  liquid 
with  which  the  mouth  has  but  just  been  rinsed  would  be  ejected 
more  freely  than  the  sputum  itself.  In  fact  Hey  man  n  (1899)  and 
Zicschc*  (1907)  were  able  to  show  that  in  the  mouth  spray  of  a  con- 
sumptive there  are  several  distinct  types  of  droplets  which  can  be 
distinguished  under  the  microscope  and  that  it  is  only  in  droplets 
derived  directly  from  the  bronchi  with  but  little  admixture  of  moutb 
saliva  that  the  tubercle  bacilli  arc  abundantly  present.  Some  more 
direct  test  of  normal  mouth  pollution  than  that  furnished  by  the  B. 
prodigiosus  experiments  is  therefore  greatly  to  be  desired. 

The  rial  desideratum  in  the  bacterial  examination  of  air  is  a  test 
which  shall  (juantitativcly  detect  the  presence  of  some  normal  mouth 
bacterium  which  might  serve  as  an  index  of  mouth  pollution  as  the 
colon  bacillus  serves  in  water  analysis  as  an  index  of  intestinal  pollu- 
tion. Such  an  index  has  been  suggested  by  Gordon  U9Q4),  but  its 
value  has  not  been  confirmed  by  subsequent  investigations  so  far  as 
we  are  aware.  Gordon  [>ointed  out  that  one  of  the  commonest  organ- 
isms in  the  saliva  is  a  streptococcus  which  he  called  Strept.  brtvts 
and  which  has  since  been  more  fully  described  by  And r ewes  and 
Hordcr  (1006)  as  Strept.  salivarius.  It  is  a  short  chained  form 
which  renders  broth  uniformly  turbid,  clots  millc,  reduces  neutral 
red,  and  ferments  saccharose,  lactose,  and  raffinosc.  Gordon  found 
streptococci  capable  of  fermenting  lactose  present  in  from  one  millionth 
to  one  hundred  millionth  of  a  cubic  centimenter  of  saliva.  Similar 
streptococci  which  fail  to  ferment  lactose  or  ferment  neutral  red  were 
found  to  be  present  in  ordinary4  street  air  but  lactose- fermenting 
streptococci  were  absent.  Gordon  examined  10  samples  of  50  liters 
of  street  air  for  streptococci  by  bubbling  it  through  salt  solution  which 
was  later  mixt  with  nutrient  broth.  He  found  a  be  lose- fermenting 
streptococcus  only  once. 
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On  the  other  h«nJt  he  found  that  the  mouth  streptococci  could 
be  easily  detected  in  iwms  polluted  by  mouth  spray.  His  method 
ffflimilllffnl  :*i  rmnntlB  plrttt  5*5—5  inches  in  diameter  containing 
neutral  red  broth,  which  was  later  incubated  under  anaerobic  con- 
ditions. In  a  small  room,  4.7  by  4.0  meters  in  area,  2  out  of  6 
pUtes  showed  mouth  streptococci  after  15  minutes'  loud  speaking, 
4  out  of  0  showed  them  after  half  an  hour's  speaking,  and  in  5  separate 
experiments  after  one  hour  of  speaking  22  out  of  30  plates  gave 
positive  result*.  In  a  larger  room,  14 .9  by  u .6  meters,  11  out  of 
54  plates  and  aS  out  of  40  plates  were  positive  after  one  hour's  loud 
speaking*   Quiet  speaking  and  reading  yielded  negative  results. 

I  closely  with  those  of  the  German  experiments, 
tan  the?  measure  the  superficial  discharge  of  spray  but  give 
00  clear  idea  of  the  quantitative  distribution  of  bacteria  in  the  air 
above, 

QUANTITATIVE  STUDY  OF  AIR  POLLUTION  BY  MOUTH  SPRAY  USING 

r.\. 


polluted  by  mouth  spray  with  a  view  of  detennining  to  what  extent 
the  mouth  streptococci  can  be  detected  in  the  air  itself  by  ordinary 
quantatitivc  methods. 

In  the  first  test  of  this  sort  the  air  was  examined  by  the  culture 
bottle  method,  lactose  broth  being  used  in  the  bottles  instead  of  gelatin. 
The  bottles  were  placed  on  a  table  direcdy  in  front  of  the  speaker  and 
from  0.0  to  2.4  meters  away.  In  the  first  half  of  the  work  the 
speaker's  mouth  was  o.;  meters  above  the  table  and  in  the  second 
half  1 . 2  meters  above.  Five  liters  of  air  were  first  examined  for  con- 
trols. Then  the  subject  orated  for  20  minutes,  4  liters  of  air  being 
examined  after  each  five-minute  period.  None  of  the  16  samples 
showed  lactose-fermenting  streptococci. 

In  the  second  and  third  experiments  the  air  was  examined  by 
the  sand  filter  method.  In  the  second  experiment,  five  different 
subjects  orated  loudly  for  a  period  of  10  minutes  apiece  (one  taking 
part  twice,  so  that  six  samples  of  air  were  examined).  While  the 
speaking  by  each  subject  was  going  on  a  sample  of  4.5  liters  of  air 
was  collected  by  attaching  a  water  aspirator  to  a  tandem  sand  filter 
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pfauil  between  0.9  and  1.5  meters  away  from  the  speaker  and 
dim  tlv  in  front  of  him.  Kin  h  filter  in  the  pair  held  a  layer  1 ,5  cm. 
deep  of  sand  which  bad  passed  a  sieve  having  100  meshes  to  the  inch 
(finer  than  0.25  mml  After  collecting  the  sample  the  sand  was 
poured  into  bent  dextrose  broth  tubes  and  incubated  for  four  days 
at  37°  Litmus  lactose  agar  plates  were  made  from  the  broth  tubes 
rhich  showed  growth.  No  lactose  fermenting  streptococci  were 
in  any  case  so  that  the  27  liters  of  air  examined  in  this  experi- 
ment were  again  all  negative. 

The  thin!  experiment  was  similar  to  the  second,  except  that  con- 
ditions were  more  severe.  Seven  tests  were  made,  with  two  different 
subjects.  The  speaking  was  in  English  and  German  and  was  loud 
very  vigorous  enunciation.  In  two  tests  the  shaking  was 
with  considerable  coughing*  Samples  of  4.5  liters  each 
collected  during  each  period  of  speaking  (10  minutes)  from  a 
it  35cm.  away  from  the  speakers  mouth  and  1$  cm.  below iL 
lie  sand  was  incubated  in  dextrose  broth  for  a  week,  and  litmus- 
close  plates  were  inoculated  at  intervals  from  the  broth  tubes. 
No  lactose- fermenting  streptococci  were  found  in  this  examination  of 
3 1  liters  of  air- 
Altogether  74  liters  of  air  exposed  to  pollution  by  mouth  spray 
were  examined  by  these  quantitative  methods  for  mouth  streptococci 
with  uniformly  negative  results.  From  these  experiments  it  appears, 
as  might  be  expected,  thai  the  j>ollution  of  the  atmosphere  by  normal 
mouth  streptococci  is  considerably  less  than  the  contamination  with 
B.  prodigiosus  after  inoculating  the  mouth  with  that  organism. 

Gordon's  experiments,  made  with  plates  exposed  during  an  hour's 
reading,  of  course  constituted  a  very  severe  test  since  the  plates 
received  all  the  heavy  spray  which  fell  through  the  air  during  that 
period.  We  made  a  final  experiment  along  similar  lines  to  hist  using 
litmus  lactose  agar  instead  of  broth.  Kight  plates  were  exposed 
45  cm  below  and  45  cm.  in  front  of  the  mouth  of  the  speaker  and 
right  others  15  cm.  below  and  15  cm.  in  front.  In  all  these  cases  the 
speaking  was  loud,  and  vociferous,  in  English  and  German*  and  the 
period  of  exposure  was  five  minutes.  Finally  four  plates  were  exposed 
15  cm*  tn  front  of  and  15  cm.  below  the  mouth  of  the  speaker  who 
orated  and  coughed  for  three  minutes. 
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The  plates  were  incubated  for  four  days  and  subcultures  were 
aade  from  all  suspicious  colonies.   All  showed  large  colony  counts 
to  1,200) .    Of  the  first  eight  plates  exposed  to  spray  from  speaking 
5  cm.  away,  one  only  showed  a  single  colony  of  the  acid  forming 
streptococci.    Of  the  eight  plates  exposed  to  spray  from  speaking 

15  cm.  in  front  of  and  15  cm,  below  the  mouth,  three  gave  positive 
results.  Two  of  the  plates  showed  each  a  single  colony,  the  third 
was  wholly  reddened  so  that  the  number  of  acid  colonies  could  not  be 
exactly  determined.  The  streptococcus  colonies  were  not  in  isolated 
pure  cultures  but  in  mix  I  colonics  each  of  which  was  obviously 
derived  from  a  droplet  of  saliva  containing  many  forms.    Of  the 

16  plates  examined  in  these  two  series  three  were  overgrown  with  an 
alkalin  spreader  which  might  have  obscured  any  streptococci  present. 

Final] v  of  the  four  plates  exposed  to  the  spray  from  coughing  at  a 
distance  of  only  15  cm.  from  the  mouth,  two  were  overgrown  with 
alkalin  spreaders  and  so  may  be  excluded  from  consideration.  Of 
the  other  two  one  .showed  two  droplet  colonies  and  the  other  four.  All 
six  on  cultivation  showed  the  presence  of  mouth  streptococci. 

Altogether  it  appears  from  these  experiments  with  the  mouth 
streptococci  that  normal  mouth  bacteria  are  much  less  easily  dis- 
charged into  the  air  than  are  artificial  cultures  introduced  into  the 
mouth.  Loud  speaking  and  even  coughing  did  not  deposit  very 
large  numbers  of  mouth  streptococci  even  upon  plates  within  15  cm. 
of  the  mouth;  and  the  quantitative  examination  of  74  liters  of  air 
exposed  to  the  spray  from  loud  and  vigorous  speaking  at  distances  of 
35cm.  to  2.4  meters  from  the  mouth  failed  to  show  the  presence 
of  mouth  streptococci  in  any  instance. 

SUMMARY  AND  CONCLUSIONS. 

It  appears  from  these  experiments,  as  it  appeared  in  the  German 
investigations  which  have  been  reviewed  above,  that  bacteria  with 
which  the  mouth  has  been  inoculated  are  discharged  in  the  act  of 
speaking  in  large  numbers,  and  to  considerable  distances.  Positive 
results  were  obtained  as  far  as  7 . 5  meters  from  the  speaker;  and  the 
average  number  of  bacteria  discharged  over  the  whole  surface  of  a 
room  (6X8  meters)  by  15  minutes'  loud  speaking  was  646  per  square 
meter.    These  results  coincide  closely  with  those  obtained  by  Lascht- 
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schcnko.  Koenigcr,  and  Gonlon.  A  still  more  extensive  spread  of 
mouth  spray  would  of  course  result  from  coughing  and  sneezing. 

Most  of  the  particles  in  the  mouth  spray  are  rather  coarse  and 
settle  mit  rapidly.  In  fact  the  spray  is  like  rain  falling  through  the 
air,  rather  than  mist  suspended  in  it.  Kocniger  showed  that  60  per 
cent  of  the  bacteria  in  the  mouth  spray  <lisapj>carcd  from  the  air  in 
10  minutes,  while  after  20  minutes  less  than  10  per  cent  of  the  original 
number  remained.  In  estimating  aerial  infection  proper,  it  is  the 
bacteria  suspended  in  the  air  which  are  important  because  these 
only  could  be  inhaled  with  the  inspired  air.  Our  second  object  was 
to  attain  a  quantitative  measure  of  the  extent  of  such  aerial  infection; 
and  we  found  thai  after  inoculating  the  mouth  with  a  rich  culture 
of  Li.  prodigiosus  and  shaking  loudly  and  with  vigorous  enunciation 
for  15  minutes  only  seven  colonies  of  the  specific  germ  could  be 
obtained  from  140  liters  of  air  collected  at  the  close  of  the  speaking 
from  various  joints  in  front  of  the  sj>eaker.  The  true  aerial  infection 
is  therefore  relatively  small  by  comparison  with  the  distribution  of 
the  heavier  particles  of  spray. 

Experiments  with  fresh  cultures  introduced  in  large  amounts 
uf)on  the  surfaces  of  the  mouth  give  an  exaggerated  idea  of  the  quanti- 
tative im|»ortanec  of  the  mouth  spray.  We  therefore  attempted  finally 
to  control  the  investigation  by  a  study  of  the  distribution  of  the  mouth 
streptococci  which  had  been  suggested  by  Gonlon  as  offering  a  promis- 
ing test  of  normal  mouth  jiollution.  Gordon  easily  detected  these 
organisms  by  exposing  plates  after  speaking  for  various  lengths  of  lime. 
We  found  them  on  plates  by  similar  methods;  but  even  at  a  distance 
of  only  15  cm.  from  the  mouth  of  a  subject  who  coughed  for  three 
minutes  the  number  of  droplets  containing  mouth  streptococci  was 
nail  Quantitative  tests  of  the  air  itself  from  points  35  cm.  to  a. 4 
meters  in  front  of  speakers  who  spoke  vigorously  in  English  or  Ger- 
man failed  lo  show  any  mouth  streptococci  in  74  liters  of  air  examined. 

It  might  be  surmised  that  in  f*athological  conditions  bacteria  may 
be  more  readily  dislodged  from  the  mucous  membranes  than  would 
be  the  case  under  normal  conditions.  Thus  the  mouth  streptococcus 
may  furnish  too  low  an  index  for  measuring  the  mouth  spray,  as  the 
B.  prodigiosus  furnishes  too  high  a  one.  Experiments  carried  out 
with  coughing  consumptives  by  Laschtschenko  and  Hcymann.  how- 


bear  out  the  conclusion  that  tile  actual  extent  of  i 
small,   Out  of  five  air  samples  of  10  cu~m~  each  examined  by 

tachenko  only  two  contained  tubercle  bacilli;  out  of  seven 
pics  of  i  cu,m.  each,  examined  by  He>Tnann#  only  two  gave  posi- 
raults. 

It  is  not  intended  to  minimize  the  real  danger  from  mouth  spray. 

gc  numbers  of  bacilli  are  discharged  in  coughing  by  some  con- 
■mnpti  ve  jjatients.  ZiescW  found  in  one  case  20,000  tubercle  bacilli 
on  u  glass  plate  324  sepem.  in  area  exposed  for  half  an  hour  from 
40-80  cm.  in  front  of  the  mouth  of  a  nfcthkfrid  patient  The  infection 
by  mouth  spray  of  food  or  Ls  later  brought  directly 

or  indirectly  in  contact  with  the  1  al  and  important  danger. 

Ullage's  practical  rccommcndaik»t:  ly  warranted  by  all  the 

fact  *'  During  strong  paroxysms  *  ghing,  the  consumptive 
should  keep  at  arm's  length  from  his  wuipanions  and  should  hold 
a  handkerchief  before  his  mouth.    In  wo    rooms,  offices,  and  such 

pla<  she  $pm  e  between  the  heads  pi  Un  pekew  should  w  at  kftst 
1  meter.' * 


culosis  or  any  other  disease  is  contracted  to  an  appreciable  extent 
through  the  inspired  air.  The  mouth  spray  is  a  fairly  coarse  rain 
which  quickly  settles  downward.  Even  in  artificial  experiments  with 
B.  prodigiosus  the  actual  extent  of  air  pollution,  when  quantitatively 
measured,  appears  to  be  small;  and  when  infection  by  normal  mouth 
streptococci  or  tubercle  bacilli  is  studied  it  is  much  smaller  still. 

These  conclusions  arc  in  harmony  with  the  conviction  now  generally 
gaining  ground  that  aerial  infection  of  any  sort  is  a  minor  factor  in  the 
spread  of  zymotic  disease;  and  in  regard  to  tuberculosis  they  accord 
well  with  the  opinion  that  ingestion  rather  than  inhalation  is  the 
principal  channel  of  infection  even  in  the  case  of  bacilli  originally 
discharged  through  the  air  in  the  form  of  mouth  spray. 
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Hetui  Jmnuary  l'>.  It*  10, 

The  subject  of  disinfection  of  drinking-waters  and  of  sewage  is 
in  no  sense  :i  new  one.  Almost  us  early  us  the  nature  of  infectious 
diseases  ami  the  methods  of  their  communication  became  known, 
through  the  developments  of  modern  bacteriology*  the  desirability 
of  disinfecting  waters  in  particular  was  recognized.  Attention  was 
first  drawn  to  the  practical  possibility  of  such  processes  through  the 
work  of  early  investigators  in  connection  with  the  water-supplies  of 
troops  in  the  held.  Without  going  into  details  of  these  investiga- 
tions, it  will  suilice  for  our  present  purposes  to  note  that  many  dis- 
infecting processes  were  developed  by  workers  in  England,  (Germany, 
and  France.  These  processes  depended,  in  the  main,  upon  the  appli- 
cation of  prepared  pellets  of  the  various  disinfectants  employed,  and 
in  general  involved  the  addition  first  of  the  disinfectant  itself,  and 
later  of  one  or  more  neutralizing  compounds,  by  which  the  ac- 
tive disinfectant  was  destroyed  and  harmless  chemical  products 
alone  remained  in  the  water.  Compounds  of  chlorin,  bromin, 
and  iodin,  copper  salts,  permanganate,  and  many  other  i>owerful 
disinfectants  were  employed  in  this  way.  On  the  whole,  remarkably 
successful  results  for  the  purpose  in  hand  were  attained,  but  the  proc- 
esses were  necessarily  limited  to  small  volumes  of  water,  and  were 
totally  unsuited,  owing  to  the  nature  of  the  reactions  and  the  cost 
of  the  material  employed,  for  application  to  large  city  supplies;  con- 
sequently for  many  years  attempts  to  purify  domestic  water-supplies 
have  Urn  confined  in  the  main  to  sand  lilt  rat  ion  methods  which  are 
now  so  well  known  that  their  discussion  at  this  time  is  uncalled  for. 
It  may  be  f>ointcd  out  that  these  processes  are  in  reality  disinfecting 
processes,  since  in  most  cases  their  chief  aim  is  the  removal  of  patho- 
genic germs.  In  the  course  of  the  rupid  and  well-nigh  universal 
development  of  hit  rat  ion  processes,  however,  the  basic  principle  of 
chemical  sterilization  has  never  U-eii  completely  lost  sight  of.  lireat 
atin iul us  was  given  to  these*  ideas  al>out  a  decade  ago  by  the  develop- 
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merit  of  commercial  promisee  for  the  production  of  0*001?.  The 
well-known  germicidal  properties  of  this  oxygen  compound,  coupled 
with  the  fact  that  its  end-product  is  ordinary  atmospheric  oxygen, 
make  the  process  an  ideal  one  from  a  chemical  and  physiological 
point  of  view.  Commercially,  it  has  always  been  hampered  by  the 
relative  high  coat  of  production,  by  mechanical  deficiencies  in  the 
machinery  necessary  for  such  production,  and  by  certain  physical 
difliiM ikies  attendant  upon  the  introduction  of  the  ozone  into  the 
water.  Therefore,  despite  the  fact  that  progress  in  the  ozoniEation 
of  water  has  l>een  consistent  and  quite  rapid,  yet  the  use  of  oxone  in 
water  disinfection  has  not  become  general.  It  must  be  particularly 
noted,  however,  that  tin-  deficiencies  of  this  process  are  purely 
ineelmnieril,  ;md  that  the  work  of  investigation  which  is  going  on  in 
many  parts  of  the  world  may  reasonably  be  expected  eventually  to 
develop  a  process  as  successful  commercially  as  it  is  ideal  from  purely 
Hjnii Lit  v  i-unflideratiotia. 

Quite  early  in  the  history  of  the  chemical  disinfection  of  water  the 
possibilities  of  chlorin  compounds  were  recognized.  Electrolytic 
processes  for  the  manufacture  of  these  compounds  were  developed 
as  early  as  in  1889,  when  Webster  in  England  and  Woolf  in  this 
country  attempted  the  use  of  electrolyzed  sea-water  solutions  in 
disinfection  work  of  one  kind  or  another.  Here  again  mechanical 
difficulties  were  met  with  which,  combined  with  the  fairly  high  cost 
of  production,  prevented  the  general  adoption  of  these  methods. 
The  commercial  production  of  calcium  hypochlorite  or  bleaching 
powder  had  in  the  meantime  been  developed  to  so  high  a  degree  of 
efficiency,  owing  to  the  great  commercial  demand  for  this  product, 
that  sanitarians  soon  had  at  their  command  an  extremely  efficient 
disinfectant  which  could  be  obtained  in  any  desired  quantity  at 
very  moderate  cost.  Attention  therefore  was  early  directed  to  the 
possibilities  of  this  commercial  product,  particularly  in  connection 
with  sewage  disinfection.  As  early  as  1854,  the  Royal  Sewage  Com- 
mission of  Great  Britain  recommended  the  use  of  this  substance  in 
deodorizing  the  sewage  of  London.  In  1885  the  Special  Committee 
of  the  American  Public  Health  Association  carried  out  an  exhaustive 
study  of  all  available  disinfecting  materials,  and  found  that  hypo- 
chlorites in  general  were  the  most  efficient  substance  that  could  be 
used,  cost  being  considered.  In  Germany,  at  the  Hamburg  Hygienic 
Institute,  the  work  of  Proskauer  and  Eisner  in  1897,  and  later  of 
Dunbar  and  his  associates  in  1904  and  1905,  demonstrated  anew  the 
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hypochlorite  of  calcium  in  sewage  work,  with  special 
fcction  rather  than  to  mere  doodorization.  At  the 
Royal  Testing  Station  at  Berlin  work  carried  out  in  1906  confirmed 
the  Hamburg  results,  and  indicated  that  the  disinfection  of  sewage  by 
this  means  was  entirely  feasible.  Rideal's  experiments  at  Guilford, 
England,  made  about  the  same  time,  practically  confirmed  the  Ger- 
man results. 

All  of  these  investigations,  and  more  particularly  those  made  in 
Germany,  had  reference  to  the  emergency  use  of  chemical  disinfec- 
tion during  epidemics,  especially  of  cholera*  In  such  situations 
questions  of  economy  do  not  usually  arise,  and,  with  their  usual 
thoroughness,  the  German  experts  established  standards  of  purifica- 
tion so  high  that  their  processes,  although  eminently  satisfactory 
under  the  conditions  for  which  they  were  devised,  were  still  too  costly 
for  ordinary  evory-day  use.  It  remained  for  the  investigators  of 
this  country  to  demonstrate  that  much  lower  percentage  efficiencies 
than  those  obtained  previously  would  still  suffice  in  routine  work, 
and  that  the  cost  of  obtaining  these  sufficiently  satisfactory  results 
would  not  be  prohibitive.  These  conclusions  were  first  reached  as  a 
result  of  investigations  carried  out  at  the  Sanitary  Research  Labora- 
tory of  the  Massachusetts  Institute  of  Technology,  with  which  tin- 
writer  has  the  privilege  to  be  associated.  These  studies,  which  were 
begun  in  1906  and  extended  over  a  period  of  two  years,  were  made 
possible  by  the  generous  co-operation  and  financial  assistance  of  the 
United  States  Geological  Survey.  They  were  shortly  followed  by 
studies  made  by  Ke Merman,  Pratt,  and  Kimberly  for  the  United 
States  Department  of  Agriculture  and  the  Ohio  State  Board  of 
Health.  The  first  practical  demonstration  of  the  use  of  bleaching 
powder  on  a  large  scale  was  made  by  the  State  Sewage  Commission 
of  New  Jersey  at  Red  Bank,  under  the  speakers  supervision.  The 
work  was  started  in  October,  1906,  and  carried  on  during  the  fall 
and  a  portion  of  the  following  summer.  Two  hundred  and  fifty 
gallons  of  sewage  per  day  were  treated  at  this  place*  About  this 
same  time  the  writer  was  retained  by  the  Baltimore  Sewage  Com- 
mission to  carry  on  experiments  at  Baltimore  looking  toward  the 
disinfection  of  the  final  effluent  of  the  proposed  trickling  filters  now 
being  built  at  that  place.  Since  that  time  numerous  investigations 
nave  been  made  in  all  parts  of  this  country,  and  many  working  plants 
have  been  installed  or  are  now  in  process  of  installation.  Without 
exception,  the  conclusions  of  the  early  Massachusetts  experiments 


disinfected  at  a  cost  which  is  not  disproportionate  to  the 
cost  of  other  punficaUun  processes. 

Briefly,  then,  this  w  the  history  of  the  development  of 
At  the  present  t.imii  the 
disinfect  sewage  or  water,  hut  rather  under  what  conditions 
for,  juat  what  the 


I  supervision  it  must  be  carried  out. 
through  ignorance  of  the  pasential  aims 
i  of  this  process*  it  will  he  misused  or  < 
where  its  use  is  uncalled  for.   Therefore  this  I 
ity  to  explain  the  part icuJar  work  which  the  process  may  be  i 
to  accomplish,  the  peculiar  cuudittoaa  tinder  which  it  may  be 
eriy  applied,  and  its  severe  limitations,  as  a  general  method  oi  e 

is  especially  welcome.    It  must  be  pointed  out  at  Iks 

1  will  be  reiterated  throughout  the  course  of 
the  chemical  disinfection  of  sewage  or  uf 
Except  under  strictly  limited  and  peculiar  I 


i  an  "adjttnct/'  or,  to  use  a  1 
to  engineers,  "a  tactor  oi  safety.*  To  tne  extension  and  develop- 
ment of  this  idea,  and  to  a  discussion  of  the  actual  place  of  disinfec- 
tion in  sewage  and  water  work,  these  remarks  will  be  chiefly  addressed. 

The  recent  revival  of  active  interest  in  the  possibility  of  chemical 
disinfection  took  place,  first,  in  the  field  of  sewage  disposal,  and 
later  spread  to  water  purification.  It  may  be  well  to  maintain  this 
order  of  development,  and  to  consider  first  the  chemical  disinfection 
of  sewage  and  of  sewage  filter  effluents. 

Disinfection  of  Sewage. 
Sewage  consists  of  about  999  parts  of  pure  water  and  1  part  of 
impurity,  about  one-half  of  which  is  organic  impurity  and  bacterial 
life.  Sewage  disposal  deals  with  this  five  one-hundredths  per  cent. 
A  perfect  process  of  sewage  disposal  may  be  defined  as  one  which 
totally  removes  and  finally  oxidizes  to  a  mineral  form  this  very  small 
proportion  of  organic  matter.  The  slow  sand  filter,  developed  to 
its  highest  degree  of  efficiency,  can  be  relied  upon  under  specially 
favorable  conditions  to  practically  accomplish  this  result.  It  is 
possible  to  produce  by  sueh  means  a  water  fit  for  domestic  purposes. 


The  cost  of  such  treatment  is  high  even  under  the  moat  favorable 
circumstances,  where,  as  in  the  case  of  the  Massachusetts  towns, 
Large  areas  of  suitable  sandy  soil  are  readily  available.  In  less  fortu- 
nately situated  locations,  and  always  among  the  larger  cities,  the 
coat  of  such  a  process  would  be  prohibitive.  Therefore  the  tendency 
of  the  times  as  illustrated  by  the  work  of  experiment  stations,  and 
by  the  effort  of  municipalities  along  these  lines,  has  been  toward 
more  rapid  and  less  perfect  processes.  Unfortunately  along  with 
this  tendency  there  has  come  another  tendency,  namely,  toward  the 
standardisation  of  processes,  by  which  is  meant  a  tendency  toward 
the  adoption  of  certain  settled  types  of  works  regardless  of  the  local 
requirements.  This  is  a  result  in  part  of  the  unwillingness,  and  at 
times  the  inability,  of  communities  to  undertake  special  investiga- 
tions of  their  own  or  to  employ  expert  assistance.  It  results  also  in 
part  from  the  unfortunate  disposition  of  certain  of  our  State  authori- 
ties to  demand  this  kind  of  uniformity  throughout  their  jurisdiction. 
We  have  therefore  a  situation  which  might  be  amusing  if  it  were  not 
so  serious,  in  which  a  designing  engineer  learns  by  experience  that 
any  plan  submitted  by  him  in  certain  jurisdictions  will  not  receive 
the  necessary  sanction  of  the  proper  State  officials  unless  certain 
standard  features  are  incorporated;  whereas  he  is  equally  well  aware 
that  in  a  neighboring  State  no  plan  will  be  approved  which  embodies 
these  same  standard  features.  The  fact  cannot  be  too  strongly  em- 
phasised that  the  solution  of  any  particular  sewage  disposal  problem 
is  one  which  depends  mainly  upon  the  requirements  of  the  local 
situation.  The  only  conceivable  general  solution  of  the  problem 
would  be  perfect  purification,  such  as  has  already  been  defined,  and 
even  if  this  were  desirable  the  result  might  be  obtained  by  two  or 
more  different  methods.  In  general,  such  purification  is  unnecessary , 
and  insistence  upon  it  would  be  a  grievous  mistake.  If  partial  puri- 
fication methods  are  to  be  allowed,  then  surely  they  must  be  adapted 
to  the  requirements  in  each  case*  Therefore  your  attention  is  first 
directed  to  the  nuisance  which  lack  of  sewage  disp'*al  may  bring 
about  in  order  that  the  method  of  abatement  may  be  indicated. 

One  serious  nuisance  which  may  follow  the  introduction  of  crude 
sewage  into  a  body  of  water  is  the  deposit  of  solid  material.  Such 
material  we  describe  as  "suspended  matter  M  in  the  sewage,  and  one 
of  the  classes  of  treatment  to  which  attention  is  most  often  directed 
has  in  view  the  removal  of  suspended  matter  from  the  sewage  and 
prevention  of  this  form  of  nuisance.   Obviously,  now,  if  the 


9  swift  and  the  dilution  large,  or  if  the  discharge  be  made 
iftto  rapidly  moving  tidal  currents,  this  nuisance  will  not  occur,  and 
special  treatment  for  its  abatement  will  be  unnecessary  and  unwbe. 
Under  kwwm  conditions  of  discharge  Into  slowly  moving  streams, 
particularly  into  streams  which  are  dammed,  or  bodies  of  water 
which  are  shallow  and  do  not  possess  strong  tidal  currents,  the  possi- 
hffity  of  deposit  upon  the  bottom  is  one  which  must  be  dealt  with, 
and  the  removal  of  suspended  matter  from  the  sewage  must  be 
accomplished  to  a  greater  or  less  degree. 

The  second  kind  of  nuisance  is  that  which  results  from  the  putres- 
fJbtt  character  of  sewage,  regardless  of  whether  the  organic  matter 
suspended  or  in  true  solution.  This  is  the  property  of  sewage 
^sst  by  which  it  robs  a  stream  of  its  available  oxygen,  and  con- 
uently  of  its  power  of  self-purification.  Under  these  conditions 
life  is  destroyed,  noxious  odors  arise  from  the  water,  and  the 
^_  becomes  virtually  an  open  sewer  rather  than  merely  a  pol- 
luted water.  The  line  between  these  two  conditions  is  a  distinct 
one.  The  capacity  of  any  stream  to  absorb  sewage  and  maintain 
it*  own  aeration  ts  limited  and  calculable.  If  this  capacity  is  ex- 
hausted, a  very  definite  change  in  the  character  of  the  water  occurs 
and  the  conditions  above  outlined  result.  The  treatment  of  these 
conditions  must  be  very  different  from  that  outlined  in  the  first  case. 
The  question  of  suspended  matter  may  or  may  not  be  a  factor,  but 
in  this  case  the  organic  matter  must  first  be  oxidized  and  rendered 
stable  or  non-putrescible.  The  process  of  oxidation  may  go  on  in- 
dependently of,  or  in  connection  with,  any  other  processes,  according 
as  one  or  more  of  these  classes  of  nuisances  is  possible. 

The  third  special  class  of  nuisance,  and  one  which  refers  to  public 
health  rather  than  to  public  convenience,  is  the  ever  present  possi- 
bility that  pathogenic  bacteria  may  be  contained  in  the  sewage. 
The  extent  of  this  danger  need  not  be  argued,  nor  is  it  desirable  at 
this  time  to  take  up  the  somewhat  debatable  question  of  the  effi- 
ciency of  our  ordinary  sewage  purification  processes  in  destroying 
such  bacteria.  Somewhat  divided  opinions  upon  this  question  are 
held.  The  most  exhaustive  study  of  the  problem  that  has  yet  been 
made  was  carried  out  by  Houston  under  the  auspices  of  the  Royal 
Sewage  Commission  of  Great  Britain,  as  a  result  of  which  it  was 
concluded  that  "the  biological  processes  at  work  in  the  filters  were 
not  strongly  inimical,  if  hostile  at  all,  to  the  viability  of  pathogenic 
germs."   It  is  the  speaker's  opinion,  based  upon  all  the  available 


and  upon  a  long  personal  experience  with  investigations  of 
this  character,  that  the  removal  of  pathogenic  germs  by  rapid  filtra- 
tion methods  is  not  greater  than  would  be  accomplished  naturally  in 
the  streams  in  an  equal  period  of  t  ime.  That  such  removal  is  consid- 
erable is  frankly  admitted.  In  the  course  of  a  few  hours  or  of  a  day, 
under  natural  stream  conditions.  «reat  improvement  is  always  noted. 
This  improvement,  however,  haa  not  been  sufficient  to  prevent  the 
disastrous  typhoid  fever  epidemics  of  Lawrence,  Mass.,  Butler, 
Pa,,  Ithaca,  N.  V.,  and  other  places  too  numerous  to  mention.  If, 
therefore,  there  be  any  danger  in  the  possible  discharge  of  pathogenic 
genus  into  the  stream  in  question,  this  danger  must  be  considered 
by  itself,  and  distinctly  apart  from  the  possible  nuisances  already 
mentioned.  It  is  upon  the  solution  of  this  particular  problem  that 
chemical  disinfection  directly  bears.  Whether  or  not  nuisance  may 
arise  from  the  discharge  of  suspended  matter  or  from  the  discharge 
of  putreseible  matter  will  determine  the  type  of  purification  process 
necessary;  whether  or  not  it  is  desirable  to  prevent  the  possible 
discharge  of  pathogenic  germs  into  the  stream  will  determine,  and 
must  alone  determine,  the  advisability  of  disinfecting  the  sewage 
or  the  titrated  effluent. 

Emphasis  has  been  laid  upon  these  few  general  principles,  because 
curiously  we  are  better  advised  at  the  present  day  as  to  the  methods 
of  disinfection  than  we  are  as  to  its  necessity*  As  has  been  previously 
stated,  there  is  more  danger  that  the  possibility  of  disinfection  will 
be  misunderstood  and  that  processes  will  tie  used  as  a  substitute  for 
other  essential  processes  than  that  it  will  not  be  employed  when 
necessary.  The  various  methods  of  chemical  disinfection  which 
have  from  time  to  time  l*?cn  proposed  have  been  fully  described  in 
another  place,  and  need  not  be  referred  to  here  in  detail.  Suffice  it 
to  say  that  the  application  of  commercial  bleaching  powder  has  been 
found  to  be  by  far  the  most  efficient  and  practical  process,  and  that 
such  application  has  now  been  developed  to  such  a  point  that  its  cost 
is  not  at  all  out  of  keeping  with  the  benefits  to  be  derived. 

Bleaching  powder  is  an  impure  commercial  product  manufactured 
in  large  quantities  abroad  by  some  of  the  earlier  chemical  methods, 
and  in  this  country  at  Niagara  by  modern  electrolytic  methods* 
Owing  to  the  fact  that  in  the  latter  case  it  is  essentially  a  by-product 
of  the  much  more  important  caustic  soda  industry,  its  present  market 
price  is  very  low,  and  in  fact  less  than  the  cost  of  production  on  a 
small  scale*    Upon  admixture  with  water  it  goes  into  solution  only 
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partially;  a  residue  of  carbonate  of  lime  and  an  excess  of  free  lime 
remaining  in  the  tank  as  a  white  sludge.  In  practice  it  is  desirable 
at  larger  works  to  keep  this  mixture  stirred  up  and  to  discharge  the 
sludge  with  the  solution;  at  smaller  works  economy  indicates  the 
use  of  the  clear  solution  and  the  disposal  of  the  lime  sludge  in  a  con- 
venient manner.  To  the  layman  one  of  the  most  striking  features  of 
this  process  is  the  relatively  small  amount  of  disinfectant  necessary. 
For  crude  sewage  an  amount  of  so-called  "available  chlorin"  equiv- 
alent to  about  five  parts  per  million  parts  of  sewage,  which  amounts 
to  about  125  pounds  of  bleaching  powder  per  million  gallons,  suffices. 
Upon  the  present  market  price  of  $25  per  ton  or  less,  it  will  be  seen 
that  the  cost  of  bleaching  powder  necessary  will  be  in  the  neighbor- 
hood of  SI. 70  per  million  gallons  of  sewage  disinfected.  By  the  use 
of  the  quantity  indicated,  disinfection  is  accomplished  within  a  very 
few  minutes,  and  storage  periods  of  not  over  thirty  minutes  are  ample. 
Sewage  stronger  than  the  average  American  sewage  would  require 
somewhat  larger  amounts  than  these  indicated,  but  twice  the  quan- 
tity probably  represents  the  maximum.  For  partially  purified  efflu- 
ents, such  as  those  resulting  from  -trickling  filters,  lesser  quantities 
are  sufficient.  At  Baltimore  three  part&-per  million  of  available 
chlorin,  or  75  pounds  of  bleaching  powder  per*ifii}lion  gallons,  were 
found  effective  in  the  disinfection  of  the  trickling Tglter  effluent. 
At  Boston  satisfactory  disinfection  of  a  similar  effluent  w?8  accom- 
plished through  a  period  of  six  months  by  the  application  df  tliree 
and  a  half  parts  of  available  chlorin.  Effluents  of  a  higher  dPS*66 
of  purity  can  be  disinfected  with  corresponding  smaller  amount- 
The  total  cost  of  the  processes,  including  interest  charges  and  de" 
preciation  upon  the  necessary  fixtures,  labor,  and  other  items,  willv 
range  from  $1.00  or  less  in  the  case  of  effluents  to  about  $3.00  in  the 
case  of  crude  sewages.  These  details  are  given  in  the  accompanying 
table.  The  results,  which  have  been  described  as  satisfactory,  are 
numerically  expressed  by  removals  of  the  total  bacteria,  averaging 
97  per  cent,  in  the  case  of  effluents  and  99  per  cent,  or  more  in  the 
case  of  crude  sewage.  In  the  former  case  the  combined  efficiency  of 
the  filter  and  the  disinfection  will  bring  the  figure  up  to  99  per  cent, 
or  more.  Special  studies  have  also  been  made  in  this  connection 
to  show  the  probable  effect  upon  typhoid  fever  germs  as  compared 
with  the  effect  upon  the  total  bacterial  content.  The  indication 
has  been  that  the  former  are  affected  to  fully  as  great  an  extent  as 
the  latter.   They  are  probably  more  completely  removed. 
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ESTIMATES  OF  TILF  COST  *  »F  OPK RATION  OF  A  PLANT  FOR  DIS- 
INFECT IN"  <.i  SKWAtiE  i  iR  EFFI.rKNT  WITH  C  HLnRlU  OF  LIME. 
BASED  ON  A  CAPACITY  oF  5.000.000  GALLON'S  A  DAY. 
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DISINFECTION  OF  WaTKR. 

Considering  now  the  application  of  these  same  methods  to  the 
water  problem,  it  may  l>e  said  in  brief  that  tin*  principles  involved 
are  identical.  Whether  or  not  the  chemical  disinfection  of  water  is 
desirable  in  any  given  situation  must  lie  determined  Ufton  principles 
similar  to  those  already  laid  down.  If  the  result  desired  is  the  simple 
removal  of  genu*,  this  process  probably  represents  the  cheapest 
and  perhaps  the  most  desirable  one  now  available.  The  word 
"perhaps"  is  inserted  here  advisedly.  The  question  of  just  how 
desiraMe  this  treatment  may  l>e  is  one  which  must  U*  submitted 
eventually  to  the  consumer  who  pays  the  hills.  There  is  a  popular 
objection  to  the  addition  of  chemicals  to  drinking-water.  This 
objection  was  raised  most  seriously  against  the  use  of  alum,  hut  has 
largely  disappeared,  as  the  use  of  alum  has  Uvome  more  and  more 
common  and  as  no  ill  effects  have  l»oen  developed.  However  harm- 
less certain  chemicals  may  1m>  considered  in  the  minds  of  those  Itest 
qualified  to  judge,  and  however  ill  directed  popular  clamor  against 
their  use,  it  must  1*»  admitted  that  it  is  a  legitimate  consideration  to 
be  dealt  with.  Whether  or  not  actual  harm  will  l>e  done  is  one 
matter:  whether  or  not  the  purchaser  of  the  water  desires  to  have 
small  amounts  of  chemical  substances  added  to  his  supply  (csj>ecially 
if  he  is  willing  anil  able  to  pay  for  more  expensive  processes  which 
do  not  involve  the  use  of  chemicals)  is  quite  a  distinct  matter. 
Assuming,  however,  that,  as  in  the  case  of  alum,  any  feeling  which 
may  be  deveIo|>ed  at  present  will  disap|>ear  in  the  course  of  time,  it 
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is  certainly  true  that  under  certain  circumstances  the 
dimf ectkn  of  water  may  be  used  to  great  advantage.  Aa  in  the 
case  of  sewage  so  also  in  the  case  of  water,  special  consideration  must 
be  given  to  the  primary  needs  of  the  situation.  Disinfection  merely 
kills  the  germs;  if  this  is  all  that  is  required,  then  disinfection  is 
indicated;  if  the  removal  of  organic  matter  from  a  water  seriously 
polluted  with  sewage  is  deemed  advisable,  then  some  other  process 
must  be  employed.  If  that  process  is  efficient  also  in  the  removal  of 
germs,  disinfection  is  uncalled  for.  If  that  process,  on  the  other 
hand,  is  insufficient,  or  if  economy  indicates  that  it  may  purposely 
be  made  insufficient. — through  the  use  of  high  rates  of  filtration,  for 
example, — then  disinfection  may  be  advantageously  employed  to 
supplement  the  imperfect  process.  The  two  great  fields  which  are 
open  to  water  disinfection  are  the  treatment  of  a  very  slightly  or 
only  occasionally  polluted  supply  by  disinfection  alone,  and  the 
treatment  of  a  more  seriously  polluted  supply  by  the  present  methods 
at  highly  increased  rates  and  by  subsequent  disinfection.  In  the 
latter  case  disinfection  will  be  found  a  valuable  adjunct  to  over- 
loaded mechanical  filters.  The  limiting  rates  of  operation  on  alow 
sand  filters  are  determined  largely  by  the  organic  content  of  the 
water  and  by  consequent  economy  in  the  expensive  cleaning  processes. 
The  limiting  rates  on  mechanical  filters,  uu  the  contrary,  are  practi- 
cally dciei  mined  by  i  he  necessity  for  obtaining  bacterial  purification. 
ThciHore  it  is  imperially  with  reference  to  this  latter  type  that  dis- 
infection will  be  found  important. 

Although,  as  has  already  been  indicated,  the  chemical  disinfection 
of  water  has  been  practised  from  time  to  time  at  various  places, 
the  tn *i  nutably  successful  plant  in  this  country  at  least,  and  the  one 
which  is  directly  ies|>otisible  for  the  present  favorable  consideration 
which  tins  process  has  acquired,  was  constructed  and  operated  early 
in  HHMS  by  Mr.  ( leorge  A.  Johnson,  of  New  York  city,  at  the  Chicago 
nloukyttt-ds.  Vt  this  plain  the  highly  polluted  water  of  Bubbly  Creek 
wits  i  rented  lirsi  by  chemical  precipitation  and  then  by  means  of 
blench n in  powder.  The  results  of  this  undertaking  were  highly 
mtlmiaciot  \ .  Later  llcring  &  Fuller,  of  New  York  city,  of  which 
lit  in  \li  .lohiiMin  is  a  member,  were  called  upon  to  construct  at 
ttiiotiiou,  \rw  .Jersey,  on  the  Jersey  City  water-supply,  a  plant  for 
i<he  i'«uit|»leie  disinfection  of  forty  million  gallons  of  water  daily. 
Thm  |»lniii,  which  bus  l»ccu  in  operation  since  September.  1908.  has 
bituji  ;m  hilly  dcMcnbed  in  various  papers  by  Dr.  Leal,  who  is  primarily 
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:hle  for  its  installation,  by  Mr.  Fuller,  and  by  Mr*  Johnson, 
that  it  will  be  unnecessary  to  discuss  it  in  detail  at  this  time,  It  is 
sufficient  to  note  that  the  water  in  question  in  the  somewhat  polluted 
water  of  the  Rockaway  River,  which  has  received  the  advantages  of 
storage  and  sedimentation  in  its  passage  through  the  immense  Boon- 
ton  reservoir*  The  results  of  the  continuous  operation  of  this  plant 
have  been  eminently  satisfactory.  It  might  be  stated  here  that  the 
recent  litigation  in  connection  with  this  plant  had  to  do  with  certain 
contract  requirements  rather  than  with  actual  results  achieved. 
In  Mr.  Johnson's  report  of  the  operation  of  the  plant  it  is  shown  that 
the  bacteria  in  the  water  before  treatment  ranged  from  a  few  hun- 
dred to  a  thousand  or  more,  whereas  after  treatment  the  water  was 
often  found  to  be  sterile,  and  contained,  as  a  rule,  not  over  ten 
bacteria  per  cubic  centimeter.  The  bacillus  eoli  was  reported  present 
almost  uniformly  in  the  raw  water  in  1  c,c.  tests,  and  was  seldom  or 
never  found  in  the  treated  water.  Quantities  of  available  chlorin 
not  exceeding  0.3  part  per  million,  or  eight  pounds  of  bleaching 
powder  per  million  gallons  of  water  treated,  were  found  efficient* 
Mr.  Johnson  estimates  the  total  cost  of  treatment,  including  addi- 
tional labor  required,  at  14  cents  per  million  gallons.  The  successful 
outcome  of  this  great  and  novel  undertaking  has  resulted  in  the 
introduction  of  this  process  in  at  least  thirty  localities  in  the  eastern 
United  States.  The  speaker  has  recently  completed  the  installation 
and  three  months'  study  of  a  small  plant  used  in  connection  with 
mechanical  filters.  Quantities  of  available  chlorin  ranging  I  between 
0*25  and  0.4  parts  per  million  were  found  necessary,  and  results 
substantially  like  those  already  quoted  were  obtained,  in  spite  of 
the  fact  that  the  raw  water  contained  at  times  several  thousand 
bacteria  per  cubic  centimeter. 

Here  again,  as  in  the  case  of  sewage,  the  danger  is  that  this  process 
will  be  misused  through  a  lack  of  understanding  of  its  possibilities 
and  its  rightful  field.  It  is  not  in  general  a  substitute  for  filtration. 
It  may  be  that  filters  are  used  where  germ  removal  is  all  that  is 
necessary.  Such  filters  could  be  replaced  by  disinfection  methods 
at  an  immense  saving  in  the  cost.  A  further  danger,  which  is  not 
so  conspicuous  in  sewage  work,  lies  in  the  use  of  this  process  by  in- 
experienced persons.  The  proper  regulation  of  the  necessary  amount 
of  material  does  not  require  expert  supervision  at  all  times,  but  lbs 
question  of  how  much  disinfectant  to  employ  in  any  given  situation, 
and  of  the  proper  method  of  applying  it,  and  other  details  of 
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»tion,  should  in  every  case  be  submitted  to  expert  judgment, 
addition,  the  routine  operation  of  the  plant  should  be  safeguarded 
in  such  a  way  that  the  possibility  of  mistakes  should  be  minimized. 
As  little  responsibility  and  as  little  chance  to  go  wrong  as  possible 
be  left  to  the  operator.  In  other  words,  the  operation  should 
made  as  nearly  fool-proof  as  possible.  With  these  safeguards 
y  applied,  and  under  the  conditions  which  have  been  outlined, 
safely  be  said  that  a  new  epoch  in  water  purification  methods 
has  begun,  and  that  the  methods  developed  and  introduced  by  Dr. 
Leal  and  Mr,  Fuller,  and  especially  by  Mr.  Johnson,  have  already 
established  their  rightful  place  m  the  ever  growing  field  of  water 
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DISCUSSION. 

F.  Herbert  Snow  (Harrisburg). — As  you  know,  there  is  a  Pennsylvania  law 
enacted  at  the  last  legislative  gathering  which  prohibits  the  use  of  alum  and 
copper  compounds  in  food-stuffs.  It  may  be  found  under  one  of  the  sections  of 
the  Pure  Food  Act.  The  question  of  whether  this  law  can  be  extended  to  apply 
to  treated  waters  supplied  for  public  uses  is  a  mooted  one.  It  has  received  some 
minor  consideration,  and  was  the  subject  of  particular  inquiry  at  the  time  the 
bill  was  before  the  legislative  committee.  I  believe  it  was  generally  accepted  that 
the  bill  if  it  became  a  law  would  not  be  applicable  to  mechanical  nitration  plants 
where  the  purification  of  the  water  is  accomplished  in  part  by  the  introduction 


of  rhesmeaJ  to!  ut  ions  for  the  purpose  of  coagulation  and  precipitation «  Never* 
thai***,  there  are  ocownonal  and  persistent  rumors  that  the  lsw  doe*  m  fact 
apply  to  water,  and  that  alum,  if  found  in  water  supplied  for  public  usea,  is 
administered  contrary  to  the  provisions  of  law. 

It  has  come  to  be  an  accepted  Tact,  generally  speaking,  that  the  uae  of  alum 
W|WIIiimIi»  a*  a  coagulant  in  the  preliminary  treatment  of  water  is  unattended 
with  any  possible  danger  to  public  health  where  the  preparation  of  the  ehernieal 
solution*  and  their  introduction  into  the  raw  water  b  accomplished  under  the 
supervising  direction  of  a  competent  person.  Nevertheless,  I  believe  that  there 
are  many  watef  consumers  throughout  the  towns  of  Pennsylvania  who  still 
adhere  to  the  opinion  that  this  use  of  alum  is  a  menace  to  public  health,  and 
no  amount  of  proof  would  convince  some  of  them  that  this  was  not  so.  In  fact, 
there  have  been  known  cases  where  the  raw  water  was  not  capable  of  attorning 
the  chemical  solution  of  alum  compounds,  and  undoubtedly  the  solutions  reached 
the  homes  of  the  consumers  substantially  in  1  he  forma  in  which  they  were  intro- 
duced into  the  water,  although  highly  diluted.  To  prevent  such  carelessness  the 
Commissioner  of  Health  has  established  a  State  supervision  over  all  water  puri- 
fication plants  in  Pennsylvania. 

The  use  of  bleach  in  public  water-supplies  must  bear  to  the  public  mind  a 
relation  similar  to  that  of  the  use  of  alum  The  State  has  discouraged  the  general 
application  of  chlorinated  lime  to  drinking-water  However,  in  one  instance, 
that  of  the  city  of  Reading,  the  Commissioner  has  approved  of  the  treatment  of 
raw  water  with  hypochlorites  of  lime  under  the  skilled  attention  of  the  city's 
bacteriologist  and  chemist,  pending  the  completion  of  a  slow  sand  filter  plant, 
which  will  be  in  operation  possibly  twelve  month*  hence.  Perhaps  these  few 
remarks  are  all  that  I  ought  to  offer  on  the  subject (  in  consideration  of  the  posi- 
tion I  now  occupy  I  came  here  to  learn  what  Professor  Phelps  might  hart  new 
to  offer  on  the  subject,  since  he  is  working  in  this  field  all  the  time.  I  might  add 
that  should  you  peruse  the  decrees  of  the  Commissioner  of  Health  relative  to 
sewerage  ami  sewage  tiispoaal  nince  1D05,  you  would  observe  in  the  conditions 
and  stipulations  under  which  plans  have  been  approved  the  provision,  sometimes 
speci&cally  stated,  for  the  treatment  of  the  effluent  with  some  germicide.  At 
Mt  Alto,  where  the  State  sanatorium  for  the  treatment  of  tuberculosis  patianta 
has  been  built  by  Dr  Dixon  and  is  now  being  operated,  the  effluent  from  the 
sewage  works  has  tteen  treated  with  a  solution  of  bleach  since  the  outset,  with  the 
result  that  not  one  sewage  organism  lias  been  found  in  the  final  effluent 

Grorgr  8.  Wkrstrr ,— It  is  hope* I  that  the  investigations  of  the  use  of  dis- 
infectant* that  have  been  carried  on  so  extensively  by  Professor  Phelps  and  has 
assort*! c*  at  the  Msssachusetts  Institute  of  Technology  will  greatly  simplify  the 
problem  of  sewage  purification,  particularly  in  cities  which  have  large  streams 
of  water  near  at  hand  Any  method  which  will  tend  to  simplify  the  treatment 
of  sewage  will  no  doubt  decrease  the  cost  of  disposal 

If  the  solids  contained  in  the  sewage  can  be  removed  mechanically  and  the 
bacterial  life  destroyed  chemically  by  the  addition  of  a  solution  of  bleaching 
powder,  and  results  obtained  at  s  reasonable  cost  wh>rh  will  he  acceptable,  smsnh 
has  been  accomplished  to  aid  the  profession  in  handling  this  important  problem 

Qno  E  Da-tram  a*  —I  do  not  know  that  1  can  say  anything  to  add  interest 
to  the  meeting,  except  that  the  city  of  PniladeJpma  has  for  the  last  nine  months 
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Our  government  mm!  Board  of  Health  investigation*  have  decided  that  the 
bleach  is  quite  the  cheapest  and  most  effective  germicide  I  trust  that  the  in* 
will  be  carried  along  until  we  become  more  positive  in  the  method* 
ation  and  may  know  when  to  appty  it  in  any  method  of  sewage  purifica- 
tion 

There  id  one  other  little  matter:  Professor  Phelps  says  he  docs  not  advocate 
the  application  of  bleach  as  a  pan  area  or  a  substitute  for  other  purification  proe* 
earn.  He  is  very  modest  lo  make  this  statement.  Many  people  are  carried 
away  by  ideas  that  appear  to  thorn  as  convincing.  It  dors  not  appear  to  be  so 
in  Professor  Phelps'  case.  But  as  a  matter  of  satisfaction,  I  wish  to  §tete  that  the 
lication  of  this  bleach  as  an  experiment  sometime*  produces  unexpected 
During  the  past  week  wc  were  d  riven  to  the  use  of  bleach  for  the  pi  east 
vetion  of  our  bacteria  beds,  Our  beds  were  filled  with  a  slurjgc  impermeable  to 
i  for  a  depth  of  perhaps  2  feet.  A  quantity  of  bleach,  of  which  1  cannot 
recall  the  figures,  was  put  in,  and  a  repetition  of  the  process  two  or  three 
was  successful  in  thai  it  restored  the  beds  to  their  original  condition,  and 
(  I  am  not  yet  able  to  say  whether  it  lowered  the  bacterial  efficiency,  them  is 
i  doubt  but  that  on  a  large  sited  plant  an  application  of  this  kind  would  save 
thousands  of  dollars,  and  by  the  knowledge  of  the  efficacy  of  such  appB 
many  units  can  be  maintained  in  service  that  would  otherwise  have  to 
>  buiJt  as  an  extra  precaution. 

If  emit  UsfflttMM  —  The  principles  applicable  to  the  use  of  aluminum  com- 
i  in  food  cannot  be  applied  to  the  use  of  these  compounds  in  the  purification 
ise  the  aluminum,  in  most  cases,  remains  in  some  form  in  the  food; 
at,  in  the  proper  operation  of  water  purification,  none  is  found  in  the  < 
i  practical  difficulty  in  reference  to  all  systems  of  purification  with  < 
is  in  regulating  the  supply  of  the  coagulant.  This  is  generally  attempted  by  use 
of  automatic  apparatus,  but  is  by  no  means  always  successful.  I  presented  some 
ago  to  the  Philadelphia  Section  of  the  American  Chemical  Society  a  short 
r,  giving  data  in  regard  to  the  operation  of  an  alum-filter  plant  in  one  of  the 
hospitals  in  this  city,  showing,  by  the  tests  of  the  effluent  in  comparison 
with  the  applied  water,  the  great  irregularity  of  the  alum-feed. 

Aluminum  sulphate  is  the  coagulant  generally  employed,  and  it  must  not  be 
oked  that  this,  by  increasing  the  sulphates  in  the  water,  mcreaees  the 
to  form  a  hard  scale  in  boilers, 
P.  A,  M  AiQNEPf . — Ab  a  matter  of  history  I  think  the  name  of  L'Hermitle  should 
be  mentioned.    He  was  probably,  after  Webster,  the  first  to  use  hypochlorite  in 


t  would  like  to  ask  Professor  Phelps  if  he  has  any  information  on  the  taste  of 
the  water  after  it  has  been  treated  with  bleach  and  passed  through  a  sand  I 
the  chlorin  does  not  remain  hugging  the  grains  of  the  filtering  I 
1  afterward  give  a  bad  taste  to  the  water? 

I  am  very  glad  that  the  subject  of  the  chemical  purification  of  water  and  I 
has  been  presented  to  this  Huh  1  do  not  know  if  anybody  has  anticipated  me 
in  demonstrating  that  the  chemical  purification  of  water  bring*  about  in**  /ems 
its  sterilisation    This  was  done  in  the  year  1890. 

The  facta  that  have  been  mentioned  to-night  by  the  Professor  and  by  the  bet 
tat  put  a  fly  in  our  ear  stout  the  use  of  bleaching  water.   If  thai 
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through  the  bacteria  bed*  w&a  more  effective  than  applying  it  to  the  effluent 
finally. 

Mb.  Phelps. — We  have  not  repeated  those  experiments.  The  speaker  was 
correct  in  quoting  Dr.  Dunbar.  I  could  never  see  any  reason  for  doing  that. 
I  think  the  work  recently  done  in  Germany  was  done  that  way  because  they  had 
settling  tanks  in  which  the  sewage  was  settled  before  filtration,  and  they 
did  not  have  tanks  for  treatment  afterward.  We  have  never  followed  any  such 
process,  because  our  present  system  saves  about  half  the  bleach. 


DISINFECTION  OF  SEWAGE  AND  SKWAGE  EFFLUENTS. 


tiff  K*ni  t:  II.  Phelps,  Canxultinj  Sanihiry  Expert,  N?tr  York. 

In  former  days  the  purification  of  sewage  was  commonly 
understood  to  mean  the  removal  and  final  oxidation  of  prac- 
tically all  the  contaminating  mat  tor  present,  including  the 
pern j  life.  The  old  slow  sand-filter  was  relied  upon  to  accom- 
plish thin  end.  and,  although,  in  the  majority  of  eases,  its  effi 
etenev  is  not  at  all  linns  of  tin*  degree  indicated,  yet  effluents 
can  ho  produced  under  favorable  conditions  which  approxi- 
mate drinking  water  standards.  However  desirable  such  re* 
suits  may  het  the  lartje  amount  of  land  required,  about  ail  acre 
for  every  thousand  inhabitants,  makes  the  price  almost  pro 
hihitivcly  excessive  in  the  region  of  largo  cities,  Therefore, 
the  tendency  of  the  times  has  been  toward  intensifying  the 
natural  process  of  purification  to  the  end  that  more  sewage 
may  be  treated  upon  a  given  area.  Progress  in  this  direction 
has  been  rapid  and  satisfactory,  so  that  with  a  modern  trick- 
ling filter  the  wastes  of  20,000  persons  can  be  adequately  dis~ 
posed  of  upon  an  acre  of  filter  surface. 

With  the  increased  rate  of  treatment,  however,  there  has 
come  a  consequent  deterioration  in  quality.  The  removal  of 
bacteria,  in  particular,  has  ceased  to  be  one  of  the  chief  factors 
in  sewage  purification.  To  what  extent  pathogenic  bacteria 
are  removed  by  filters  of  coarse  stone  is  a  somewhat  debated 
point  at  the  present  time,  but  it  is  the  writer's  belief,  based 
upon  many  years  of  experimental  study  and  the  perusal  of  the 
available  evidence,  that  the  removal  of  pathogenic  bacteria  by 
modern  processes  of  sewage  disposal  is  at  least  not  more  rapid 
nor  more  efficient  than  that  which  is  observed  naturally 
a  polluted  stream.  In  other  words,  the  same  natural  pro* 
lire  at  work,  and  the  condition*  found  in  the  purifying 
tticehauisms  have  no  especial  detrimental  effect  upon  the  hae- 
teria  in  question.  This  at  least  is  the  result  of  investigations 
upon  the  fate  of  nou  pathogenic  bacteria  of  certain  specified 
types  which  have  been  studied  most  exhaustively.  Reference 
is  hod  particularly  to  the  bacillus  colt.  It  has  been  shown 
repeatedly  that  this  organism  is  not  destroyed  in  modern  sew- 
age  disposal  plants  to  an  extent  which  would  have  any  sani- 
tary significance.  It  has  further  been  shown  under  control 
able  experimental  conditions  that  the  resistance  of  this  or- 


ganism  to  unfavorable  surroundings,  to  heat,  to  cold,  to  chemi- 
cal poisons,  and  to  - ; rnj . f./  st<»rni;e  in  water,  is  riot  mm-li 
greater,  if  any,  than  that  of  the  typhoid  bacillus.  Therefore, 
in  the  absence  of  any  direct  evidence  to  the  contrary,  it  is  not 
only  just,  but  quite  necessary,  to  assume  that  the  fate  of  the 
bacillus  in  the  various  processes  of  sewage  purification 

is  indicative  of  the  fate  of  its  more  undesirable  relative,  the 
typhoid  jrerm.  In  summing  up  the  evidence  in  this  matter  a* 
presented  by  English  experience,  Houston  concluded  that  the 
biological  processes  at  work  in  the  niters  are  not  strongly 
inimical,  if  hostile  at  all,  to  the  vitality  of  pathogenic  germs. 

Granting;  then,  that  these  sewage  filters  present  no  ma- 
terial barrier  against  the  passage  of  bacteria  from  the  sewage 
to  the  stream,  we  are  confronted  by  a  still  more  perplexing 
and  unsettled  question,  namely,  the  degree  of  purification 
which  may  reasonably  and  economically  be  demanded-  Sew- 
age  purification  in  the  complete  sense  previously  described 
leaves  little  to  be  desired  as  far  as  results  go ;  but  partial  puri- 
fications of  one  kind  or  another  are  possible  also,  and  in  many 
cases  may  satisfy  the  local  requirements.  In  brief,  we  can  re- 
move suspended  sul i< 
streams  unless  the  flow 
matter  which  will  otherwise  produce  anaerobic  or  putrescible 
conditions  in  a  stream  unless  also  the  final  dilution  be  suf- 
ficiently great ;  or  we  can  destroy  pathogenic  germs  which 
might  otherwise  endanger  water  supplies  or  shellfish  beds. 
Finally,  we  can  combine  any  two  or  all  three  of  these  partial 
methods. 

The  adoption  of  a  purification  process  fitted  to  the  local  re- 
quirements and  going  no  further  than  these  requirements  de- 
mand, results  in  a  two-fold  good.  Communities  installing  the 
works  are  saved  unnecessary  expense  and  more  communities 
are  finding  it  possible  to  purify  their  sewage,  owing  to  the 
simplified  processes  now  employed.  An  example  has  recently 
come  to  the  writer's  notice.  A  public  institution  secured  an 
appropriation  of  $18,000  for  sewage  disposal  works.  Plans 
and  bids  were  called  for  and  the  lowest  bids  received  called  for 
a  total  expenditure  of  $22,000  for  septic  tanks,  special  pumping 
apparatus  and  sand  filters.  This  amount  of  money  was  not 
available,  the  appropriation  lapsed  and  the  work  was  dropped 
for  a  year.    A  special  study  of  the  local  requirements  showed 
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that  by  no  possibility  could  any  physical  nuisance  occur  below 
the  outfall.  The  discharge  wan  into  tidal  waters,  the  volume 
nf  water  was  great  compared  with  the  volume  of  sewage,  and 
the  flow  was  sufficiently  rapid  at  all  times  to  prevent  f  rtjlUffi 
tat  ion,  Extensive  oyster  beds,  however,  would  l)e  affeetcd  by 
the  discharge  of  crude  sewage  at  this  point  :  furthermore,  anv 
large,  floating  particles  would  he  unsightly.  A  system  in  vol  v 
iug  screening,  partial  clarification  and  complete  disinfection 
has  bt*en  desi gued  for  thin  institution,  This  system  meets  the 
b>cal  recpiirements  far  better  than  the  first  plan  proponed,  since 
special  care  is  taken  to  prevent  the  discharge  of  bacteria  preju- 
dicial to  the  oyster  beds.  The  total  cost,  including  the  capitali- 
sation of  the  extra  operating  expenses  of  the  disinfecting 
process*  will  not  exceed  $5,000. 

This  possibility  of  adjusting  t In-  character  of  the  purification 
works  to  its  requirements,  not  only  resulted  in  the  saving  uf 
public  funds,  hut,  what  is  of  vastly  more  importance,  made 
it  possible  to  put  in  disposal  works  which  might  otherwise 
never  have  been  installed* 

This  question  of  the  desirability  of  disinfecting  sewage  and 
effluents  has  been  gone  into  at  some  length  because,  strange  an 
it  may  appear,  we  are  better  agreed  at  present  on  the  methods 
■)f  disinfection  than  we  are  upon  its  proper  role  in  sewage  puri- 
fication work.  The  ever-growing  necessity  f**r  some  kind  of 
sewage  treatment*  particularly  in  our  larger  cities,  has  led  to 
the  development  of  less  and  less  perfect  processes  of  treatment 
ami  the  question  of  sewage  disposal  has  curiously  become  lenn 
and  less  I  matter  of  sanitation.  The  prevention  of  physical 
nuisances  in  our  streams  is  now  held  to  be  all  that  in  necessary 
or  at  least  all  that  is  feasible  With  the  definite  knowledge  of 
new  processes  which  make  it  possible  at  a  reasonable  cost  to 
provide  bacterial  as  well  as  organic  and  physical  purification, 
the  question  is  hound  to  arise;  "To  what  extent  shall  we  re- 
trace our  steps  and  again  regard  bacterial  removal  as  one  of 
the  factors  of  the  problem T"  The  problem  in  further  compli- 
cated, an  it  always  has  been,  by  the  fact  that,  while  the  purifi- 
cation of  water  directly  benefits  those  who  pay  for  it,  sewage 
purification  affects  directly  only  those  communities  situated 
further  down  on  the  stream.  It  is,  therefore,  fortunate  that  all 
these  matters  are  being  placed  more  and  more  in  the  hands  of 
central  state  bodies,  hoards  or  commissioners  of  health,  who, 
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•  di«pf*aJ  of  seware  *h*U  l*c  carried  onL  This 
the  broadest  of  saniUry  and 


\*r  ft]lo\%#**J  t**  interfere  with  the  general  policies  Laid 
by  these  boards  fur  the  public  gt«*L    More  sod  mnrt 


stale*,  m  the  opinion  pro  wine  th 

be  protected,  not  only  frtim 

typhoid  frv#r 


filter,  oftentimes  br 
Tbe  margin  of  safety 
Ax  unjust  to  thnn*  opon  any 
of  purifying  a  *tr»juu  which  ~i*  being  seriously  and  wilfully 
polluted  and  infected  by  others.  This  it  the  position  which  is 
taken  by  the  more  advanced  of  our  Stales,  as  shown  by 
]efri*liitive  enactment*.  It  is  tbe  position  universal  among  the 
best  sanitarians  of  tht*  day.  and.  finally,  it  ta  the  position  die* 
tated  by  ordinary  common  sense  and  by  an  ordinary  spirit  of 
engineering  caution.  Therefore,  it  does  not  seem  that  one  will 
be  charged  with  undue  enthusiasm  who  holds  that,  since  it  is 
now  possible  and  perfectly  feasible  to  prevent  the  discharge  of 
pathogenic  {Terms  through  the  sewers  of  cities  into  drinking- 
water  supplies  of  oth«*r  communities  or  upon  important  shell- 
fish areas,  that  such  steps  should  be  taken  and  will  in  the  very 
near  future  be  considered  essential. 

Let  us  consider  now  the  methods  by  which  disinfection  may 
be  brought  about  and  the  all-important  matter  of  costs.  Among 
the  agents  of  disinfection,  chemical  and  otherwise,  which  have 
from  time  to  time  been  proposed,  and  many  of  which  have  been 
used  in  sewage  work,  the  following  may  be  mentioned:  Heat, 
lime,  acids,  ozone,  the  various  compounds  of  chlorine,  including 
chlorine  gas,  hypochlorites,  and  electrolytic  products,  the  salts 
of  copper,  manganates,  permanganates,  and  various  organic 
substances.  In  an  earlier  paper  the  writer  has  considered  the 
historical  development  of  sewage  disinfection  and  has  gone 
with  some  detail  into  the  possibilities  and  the  costs  of  the  vari- 
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out  agent*  mentioned.  It  will  be  sufficient  for  present  pur- 
pair*  to  state  that  nil  of  these  agents,  save  the  chlorine  com- 
pounds ami  tin*  salts  of  copper,  are  prohibitively  expensive,  oml 
that  of  the  latter  two,  chlorine  in  the  form  of  hypochlorite!  up- 
?ars  to  be  by  far  the  most  economical  and  satisfactory  cliain- 
flirting  agent.  Early  experiments  with  hypochlorites  in  both 
Knglaiiti  ami  Germany  indicated  that  very  satisfactory  result* 
il Id  be  obtained  on  a  practical  scale.  The  cost,  however,  of 
esc  processes  won*  still  too  hi^h  for  ordinary  routine  tise  as 
mpared  with  the  costs  of  other  sewage  disposal  processes. 
Investigations  made  later  in  this  country  by  the  writer  and  oth 
cm  indicated  that  the  high  cost  nf  the  Herman  results,  in  par- 
ticular, was  fine  to  the  excessively  hiu'h  standards  of  bacterial 
removal  demanded.  For  example,  in  most  oT  the  experiments 
referred  to  it  was  thought  to  disinfect  the  sewage  to  such  an 
extent  that  the  bacillus  coli  would  not  be  found  in  one  litre 
of  the  disinfected  water.  Since  this  organism  occurs  in  ordi- 
nary sewage  in  numbers  ranging  anywhere  from  10.000  to 
1,000,000  per  cubic  centimeter  il  is  quite  evident  that  the  degree 
of  purification  ealled  for  in  this  ease  is  far  in  advance  of  any 
practical  requirements.  Our  own  investigations  show  that  it 
was  comparatively  easy  to  secure  a  reduction  of  total  bacteria 
ami  of  the  bacillus  cob  amounting  to  from  Ha  per  cent  to  99 
per  cent,  ami  that  beyond  this  point  ♦  \o  ssive  amounts  of  dis- 
infectant were  necessary.  This  phenomenon  of  the  resistent 
minority,  as  Whipple  terms  it,  is  common  to  all  kinds  of  sterili- 
sation, whether  it  he  by  heat,  cold,  light,  chemicals  or  other 
mean*,  it  is,  therefore,  decidedly  more  practical  to  determine 
~W  far  disinfection  may  be  carried  at  a  reasonable  expendi- 
ture than  to  attempt  the  ideal  complete  sterilization.  To  put 
the  ease  concretely,  it  might  be  found  that  the  pathogenicity  of 
effluent  could  be  reduced  %  per  cent  by  the  expenditure  of 
a  certain  sum  of  money;  98  pur  cent  by  the  expenditure  of 
twice  that  sum,  and  99  per  cent  by  the  expenditure  of  five 
times  that  sum.  The  first,  or  even  the  second,  proposition 
might  develop  into  a  feasible  plan,  while  the  last  might  be 
prohibitively  expensive.  From  the  practical  engineering  point 
of  view,  therefore,  it  is  plainly  our  duty  to  achieve  96  to  98 
per  cent  reduction  at  reasonable  working  costs  rather  than  to 
secure  the  ideal  at  prohibitive  costs. 

On  this  principle,  therefore,  it  was  determined  to  leani  to 
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what  extent  sewage  filter  effluents,  and  even  crude  sewage  itseh, 
could  be  purified  at  costs  which  were  commensurate  with 
the  results  and  with  the  costs  of  other  purification  processes. 
For  this  purpose  experiments  were  carried  on  at  the  sewage 
experiment  station  of  the  Massachusetts  Institute  of  Tech- 
nology for  a  period  of  over  two  years.  Simultaneously  with 
these  investigations  work  was  also  under  way  on  a  practical 
scale  at  Red  Hank,  N.  J.,  where  250,0(10  gallons  per  day  of 
septic  effluent  was  treated-  Also,  through  co-operation  with  the 
Sewerage  Commission  of  the  city  of  Baltimore,  experiments 
extending  over  about  one  year  were  made  at  the  experimental 
plant  there.  At  Baltimore  the  effluent  treated  was  from  a 
septic  tank-trickling  filter  system.  It  will  not  be  necessary 
to  go  into  the  details  of  these  various  investigations,  which 
have  already  been  published  in  full  by  the  United  States  Geo- 
logical Survey,  through  whose  financial  aid  they  were  made 
possible.  In  brief,  it  was  found  that  the  satisfactory  disin- 
fection of  a  trickling  filter  effluent  which  has  been  purified  to  a 
condition  of  non-pntreseibility  can  be  accomplished  by  the  ap- 
plication of  ordinary  commercial  bleaching  powder  in  the 
proportion  of  three  parts  per  million  of  available  chlorine  or 
approximately  75  pounds  of  bleaching  powder  per  1,000,000 
gallons  of  effluent.  The  removal  of  bacteria  possible  in  this 
way  will  average  over  95  per  cent,  making  a  combined  bac- 
terial efficiency  for  the  filter  and  the  disinfection  of  between 
f)8  and  99  per  cent  The  cost  of  such  a  process  will  range  from 
$1  to  $1.50  per  1,000,000  gallons,  depending  somewhat  upon  the 
size  of  the  plant  and  somewhat  upon  the  transportation  charges 
on  the  bleaching,  powder.  Effluents  of  higher  degrees  of  purity 
can  be  disinfected  at  still  lower  costs.  Five  parts  per  million 
of  available  chlorine,  or  125  pounds  of  bleaching  powder  per 
1,000,000  gallons  probably  represents  the  maximum  amount 
which  would  ever  be  required  for  the  treatment  of  effluents 
of  a  poorer  quality.  The  disinfection  of  crude  sewage  to  the 
same  final  condition  as  that  mentioned  above,  namely,  the  re- 
moval of  over  98  per  cent  of  its  total  bacteria,  may  be  ac- 
complished by  the  application  of  from  five  to  ten  parts  per 
million  of  available  chlorine,  or  from  125  to  250  pounds  per 
1,000,000  gallons  of  bleaching  powder,  the  amount  depending 
upon  the  character  of  the  sewage*  The  cost  will  range  cor- 
respondingly from  $1.50  to  $3.50  per  1,000,000  gallons. 


The  disinfection  of  septic  sewage  required  the  application  of 
from  ten  to  fifteen  parts  per  million  of  available  chlorine,  or 
of  from  250  to  .TT5  pounds  of  blenching  powder  per  lt<KMJ(UCM) 
gallon*.  If  no  further  purification  is  required  than  that  given 
by  the  septic  action  and  the  disinfection,  it  will  probably  be 
found  advantageous  to  reverse  the  pr»  messes,  disinfecting  the 
crude  sewage  before  it  enters  the  septic  tank.  The  resulting 
development  of  ordinary  bacteria  within  the  tank  is  of  no  sani- 
tary significance,  nnd  it  is  doubtless  of  sonic  advantage  in  the 
*»bse<pjent  purification  of  the  organic  matter  in  the  stream  to 
discharge  an  effluent  rich  in  bacteria  which  assist  in  that  puri- 
fication. The  removal  of  the  bacillus  coli  in  all  of  the  above 
cases  in  usually  somewhat  more  complete  than  that  of  the  total 
bacteria  cited. 

Under  the  conditions  of  a  laboratory  experiment,  the  re- 
sults of  hypochlorite  disinfection  on  both  the  colon  and  the 
typhoid  bacilli,  carried  out  under  exactly  the  same  conditions, 
urn*  identical  It  seems  reasonable,  therefore,  to  assume  that 
the  viability  of  the  typhoid  germ  under  working  conditions  in 
practical  sewage  disinfection  is  at  least  no  greater  than  that  of 
the  colon  bacillus,  and,  therefore,  no  greater  than  that  of  the 
sewage  bacteria  as  a  whole.  Consequently,  the  disinfection  re- 
sults obtained  with  the  total  bacteria  may,  in  the  case  of  chlo- 
rine  disinfect  ion  at  least  be  referred  directly  to  the  typhoid 
bacillus  with  assurances  of  reasonable  accuracy  ami  of  some 
margin  of  safety. 

In  the  investigations  made,  the  subject  of  electrolytic  pro* 
WN  of  treatment  received  considerable  attention.  Many  such 
processes  have  been  developed,  and  a  few  have  actually  been 
installed.    The  claims  of  some  of  them  are  so  ridiculous  that 

the  process  disbars  itself  from  seietitille  eimsii  jerat  ion.  There 
mnis  to  be  something  about  such  terms  as  "eleetroh  tie*'  which 
appalls  strong!^  to  the  human,  arid  this  tveaknes*  on  the  purl 
of  local  boards  of  public  works  lias  been  played  upon  in  many 
instances  for  the  purpose  of  marketing  certain  patented  pro 
erases  of  very  dubious  merit.  At  the  same  time  there  are  elee 
trolytk  processes  for  the  manufacture  of  rhlorme  which  are 
undoubtedly  successful,  and,  in  fact,  most  of  the  bleaching 
powder  which  we  use  in  this  work  is  made  by  an  electrolytic 
process  at  Niagara  Falls  It  happens,  however,  that  chlorine 
it  practically  a  by-product  of  the  much  more  important  alkali 


;hat  its  price  is  consequently  fixed  at  almost  the 
uust  u*  H*«^i  ia1s  and  freight.  Granting  to  such  a  process  free 
power  and  theoretical  efficiencies,  the  cost  of  .manufacture  on  n 
scale  small  enough  for  an  ordinary  sewage  disposal  plant  would 
stilt  be  above  the  market  price  of  bleaching  powder.  There- 
fore, one  is  not  mistaken  in  stating  that  under  present  market 
conditions  chlorine  can  be  purchased  much  cheaper  than  it  can 
be  made  even  under  the  most  favorable  circumstances. 

In  conclusion,  the  following  table  of  the  total  costs  opera- 
tiou,  including  interest  on  installation,  is  given.  It  is  based 
upon  the  plant  having  the  capacity  of  5,000,000  gallons  per  day, 
the  costs  being  per  1,000,000  gallons.  In  general,  plants  of  a 
larger  capacity  could  be  run  somewhat  more  economically, 
while  on  smaller  plants  the  labor  items  would  probably  mount 
up  somewhat  faster,  The  costs,  as  will  be  noted,  all  refer 
to  the  amount  of  available  chlorine  in  parts  per  million  found 
necessary.  In  this  way  the  tab]*'  can  he  applied  to  any  situa- 
tion after  it  has  been  determined  by  experiment  how  much 
available  chlorine  will  be  required  to  produce  the  desired  de- 
cree of  disinfection.  In  a  rough  way,  the  figures  already 
given,  namely,  from  two  to  five  parts  for  filter  effluents  of 
varying  quality;  from  five  to  ten  parts  for  sewages,  and  from 
ten  to  fifteen  or  more  parts  for  septic  sewages,  may  be  used, 
A  special  column  is  given  to  the  matter  of  storage  tanks,  since 
in  many  locations  this  item  would  not  be  an  extra  charge,  ex- 
isting tanks  being  used.  As  to  the  application  of  results  ob- 
tain cd  in  one  place  to  conditions  met  in  another,  it  may  be 
said  that  the  reactions  involved  are  particularly  free  from  in- 
terference on  the  part  of  the  mineral  constituents  of  sewage, 
conditions  which  have  not  been  found  in  the  case  of  copper. 
Thus  there  is  reason  to  believe  that  the  results  given  here  are 
of  practically  universal  applicability. 

Total  Cost  of  Operating  Disinfecting  Plant. 
Based  Upon  a  Plant  Having  a  Capacity  of  Five  Million  Gallons  Per  Day. 
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The  case  of  the  Mayor  and  Aldermen  of  Jersey  City,  N,  J„ 
against  Patrick  H.  Flynn  and  the  Jersey  Qty  Water  Supply  Co.t 
has  been  debated  in  the  courts  for  a  period  of  nearly  four  years, 
and  during  this  time  many  questions  of  considerable  interest  have 
been  raised  in  regard  to  water-pollution  and  water-purification. 
As  a  water-supply  case,  1  think  it  will  perhaps  take  rank  in  the 
history  of  the  subject  as  second  only  to  the  great  Chieago-St  + 
Lou  is*  case. 

The  contract  originally  made  between  the  defendants  and 
the  city  provided  that  the  works  should  be  "so  constructed  ami 
maintained  by  the  contractor  that  the  water  delivered  therefrom 
shall  be  pure  and  wholesome  and  free  from  pollution  deleterious 
for  drinking  and  dometic  purposes  during  the  time  that  Jersey 
City  shall  take  water  by  the  million  gallons.  If  such  works  and 
supply  are  purchased  by  Jersev  City  they  shall  he  delivered  to 
said  city  as  a  completed  operating  plant  free  from  pollution,  as 
aforesaid/*  That  was  the  real  crux  of -the  contract  which  was  the 
subject  for  debate  in  the  case.  The  question  came  before  the 
courts  as  a  result  of  the  expressed  desire  of  the  city  to  purchase 
the  water- works.  It  was  provided  in  the  contract  that  the  city 
should  have  the  right  to  purchase  these  works  at  a  fixed  price 
<$7 ,595,000),  if  all  the  conditions  outlined  in  the  contract  had 
been  fulfilled  ;  and  the  main  question  at  issue  was  whether,  first, 
the  system  was  calculated  to  deliver  pure  and  wholesome  water, 
and  second,  if  not,  what  deductions  should  he  made  from  the 
contract  price  to  make  good  the  deficiencies  of  the  supply.  There 
were  clearly  implied  provisions  in  the  contract,  and  in  under* 
standings  arrived  at  between  the  parties,  that  sewerage  systems 
and  sewage-disposal  works  should  be  'constructed  or  arranged 
for  by  the  contractor  to  prevent  pollution  or  to  carry  off  pollu- 
tion existing  in  the  watershed/* 

The  general  conditions  of  the  watershed  can  best  be  under- 
!«»c*d  from  the  map  (Fig.  1)-    The  supply  is  derived  from  the 
tockaway  River, — one  of  the  three  or  four  large  rivers  that  flow 
through  the  eastern  part  of  New  Jersey, —  and  the  watershed 
above  the  reservoir  has  an  area  of  about  122  square  miles.  On 
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river,  near  the  rrserTT*rT  are  three  towns  of 
and  ab*  *  motor  of  viOago,  the  r«  of  the  watershed  hctn^ 
occupied  flumW  by  wooded  land  or  by  grazing  and  agricultural 
country*   The  principal  town*  on  the  watershed  are  Bocmton, — 
r*%ht  at  the  point  where  the  river  enters  the  reservoir, — Rock- 
ly,  and  Dover;  and  a  smaller  settlement  oi  particular  im- 
l  the  little  mining  village  known  as  Hibrrma.  on  a 
"cam  which  rttna  into  the  Rocfcawav  River,  near  Rnekaway. 

m  population  ui  Boon  too  is  about  4j000;  of  Dover,  6,300.  and  of 
r~jckawayf  IjfiCO;  total  population  on  the  watershed  above  Boon- 
ion  i*  \f?J  perfrom  per  square  mile.  The  slope  of  the  water-bed 
in  the  riemrty  of  the  river  is  quite  steep;  in  fact,  in  the  town  of 
Soonton  and  in  parti  of  the  town  of  Dover  the  river  practically  flows 
trough  the  bottom  of  a  sort  of  bowl,  densely  populated,  and  with 
very  facility  for  introducing  pollution  into  the  stream.  There  were 
*  public  sewer*  in  any  of  these  towns.  It  was  shown,  however, 
_  evidence  introduced  in  the  case,  that  a  number  of  private  sew- 
er *  discharged  from  building*  into  the  stream  and  that  the 
Morm  drains  through  the  towns  received  considerable  direct  addt- 
i"ii*  of  sewage  from  privy-vaults  and  cesspools,  which  are  of 
trae  bound  to  overflow  at  times.  The  village  of  Hibernia  pre- 
tcd,  at  the  time  the  suit  was  brought,  a  particularly  interest- 
problem  of  thit*  kind,  in  so  far  as  it  was  an  excellent  tllustra- 
of  the  opportunity  for  polluting  the  stream  by  other  ways 
direct  discharge  of  newagc  from  sewers,  Mr.  Kuichling 
renditions  here  as  follows: 

''The  village  or  settlement  of  Hibernia  is  essentially  a 
mining  camp.  It  contains  numerous  small  houses  occupied 
by  the  miners  and  there  are  about  lt200  to  1,500  people  there. 
<  >f  that  number,  from  1,000  to  1,200  work  underground  in  the 
mines  during  the  day.  While  they  are  under  ground  their 
wastes  mingle  with  the  mine  drainage  water  which  is 
pumped  to  the  surface  and  flows  into  the  brook  that  runs 
through  this  little  settlement  or  village.  This  village  is  in  a 
narrow  valley  with  steep  hillsides.  These  houses  are  not 
of  a  high  class  of  construction.  They  have,  many  of  them, 
privies  adjacent  to  runways  for  water — what  would  be  called 
a  water  course  or  depression  in  the  ground  not  containing 
running  water.  Some  are  only  running  brooks  and  rivulets. 
Pig  pens  and  hen  coops  and  stable  yards  generally,  are 
located  so  that  the  drainage  flows  off  readily.  The  water  in 
the  Hibernia  brook  is  discolored  and  visibly  and  palpably 
polluted,  both  from  what  surface  water  there  is  as  well  as 
from  the  mine  drainage.  One  of  the  mines  delivers  wat*r 
that  is  as  discolored  and  opaque  as  almost  any  city  sewage." 


These  conditions,  as  to  surface  drainage,  although  a  little 
more  extreme  than  those  generally  occurring  in  Dover  and  Boon- 
ton,  were  typical  of  occasional  local  conditions  in  both  those 
towns.  They  were  continued,  not  only  on  the  main  fiver,  but 
along  the  numerous  tributary  brooks,  sonic  of  which  are  shown 
on  the  plan,  but  most  of  which  are  not  shown.  All  these  brooks 
and  runways,  whether  they  carried  water  in  dry  weather  or  not, 
were  for  practical  purposes  a  part  of  the  stream;  that  is.  from 
privy-vault*  located  near  those  brooks  the  pollution  could  be 
carried  very  rapidly,  at  times  of  flood,  through  these  natural  run* 
ways  into  the  river.  It  was  maintained  by  experts  in  the  case 
that  any  privy-vaults  and  cesspools  within  l,0Gt)  ft,  of  the  bank 
of  the  stream  or  of  the  tributaries  might  constitute  a  source  of 
pollution  if  they  were  not  carefully  looked  after. 

Analytical  data  showed  the  Rockaway  River  to  be  highly 
polluted  all  along  its  course,  the  pollution  varying  but  being 
always  considerable,  and  sometimes  very  considerable.  The  bac- 
terial count  at  the  entrance  to  the  reservoir  ranged  from  a  nor- 
mal value  of  a  few  hundred  up  to  15  or  20  thousand  after  rain; 
indeed,  the  polluted  character  of  the  Rockaway  River  water  was 
conceded  on  all  sides.  With  the  exception  of  minor  discussions 
in  regard  to  the  extent  of  the  surface-pollution,  and  the  part 
played  by  the  agricultural  land  and  the  towns  in  causing  that 
pollution,  the  main  point  of  contest  was  in  regard  to  the  puri- 
fying-efficiency of  the  reservoir,  which  is  I  large  one.  as  shown  on 
the  map.  It  is  a  little  over  two  miles  long  and  a  mile  wide,  and 
the  greatest  depth  is  about  85  or  90  feet.  It  contains  above  the 
lowest  gate  from  which  water  can  be  delivered,  7,300,000,000 
,  or  a  supply  for  146  days  on  the  basis  of  the  actual  con- 
of  50,000,000  gallons  per  day.  At  first  sight  such  a 
icscrvoir  would  seem  to  offer  ample  facilities  for  self-purification. 
The  water,  however,  entered  the  reservoir  at  one  end  and  was 
taken  out  at  the  other  side  of  the  same  end,  as  shown  in  Fig.  2. 
The  direct  line  of  flow  was  a  comparatively  short  distance  (3/*J0 
feet),  and  the  real  question  was  as  to  the  actual  course  taken  by 
the  water  ami  the  degree  of  purification  effected.  The  discussion 
rf  the  purifying  efficiency  of  this  mechanism  is  to  my  mind  per- 
haps the  most  interesting  phase  of  the  first  branch  of  this  Jersey 
City  case,  and  the  opinion  rendered  in  regard  to  it  by  Vice  Chan- 
cellor Stevens  is  an  admirable  piece  of  sanitary  writing.  Few 
•anitarv  experts  could  make  such  a  clear  and  forcible  statement 

*  f  the  fundamental  principles. — principles  involving  a  con»id- 

*  table  range  of  hydraulic  and  bacteriological  problems.  The 
Chancellor  said: 

*JThe  theory  in,  that  when  these  germs  esea[>e  from 


their  natural  habitat  in  the  intestine  their  environment  be- 
comes unfavorable  and  hence  they  tend  to  die  off.  Professor 
Sedgwick,  of  the  Boston  Institute  of  Technology,  thus  states 
the  matter:  'Once  they  begin  to  travel  through  soil-pipes 
and  sewers,  their  food  becomes  scarcer  and  less  available, 
and  when  finally  they  mingle  with  the  waters  of  the  lake, 


PARSiPPANV  PIKE 

Fig.  2. — Reservoir  for  Jersey  City  Water  Works. 


which  are  relatively  pure  and  destitute  of  organic  matters, 
their  pabulum  must  be  distinctly  scanty.  At  the  same  time, 
in  sewage  and  in  the  lake,  they  are  subject  to  the  influence 
of  gravity  which  tends  to  draw  them  down  into  the  deeper, 
quieter  layers  and  finally  into  the  mud  at  the  bottom,  while 
predatory  infusoria  running  through  the  water  may  devour 
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them  altogether*  Lastly,  if  they  tend  to  float  or  linger  on 
the  surface,  they  may  there  suffer  from  the  germicidal  action 
of  the  rays  of  light  and  perish/  In  addition  to  what  is  here 
stated,  several  of  the  witnesses  are  of  opinion  that  the  longer 
ihey  remain  out  of  the  intestine  the  weaker  and  less  virulent 
they  become,  and  therefore  the  less  likely  to  cause  disease. 

"Now  it  is  on  this  theory  that  still  water  is  seen  to  he  a 
better  purifier  than  running  water,  but  in  order  that  still 
water  may,  so  to  speak,  do  it*  work,  it  must  have  time.  A  run- 
ning mountain-stream  may  carry  the  germ  and  be  the  vehicle 
of  disease  50  miles  below  the  point  at  which  it  was  dis- 
charged into  the  water/' 

Then  the  Chancellor  discusses  the  actual  effect  of  storage 
in  the  reservoir.  It  is  conceded  by  everybody  that  if  the  germs 
remained  in  the  reservoir  for  the  time  which  is  represented  by  its 
full  storage  capacity,  the  water  would  probably  be  in  safe  condi- 
tion, but  it  was  shown  that  when  the  reservoir  was  drawn  down 
and  when  there  was  a  heavy  rain  on  the  watershed,  the  purifying 
rapacity  was  much  less  than  that  calculated.  Some  of  the  experts 
attempted  to  maintain  the  position  that  the  water  would  neces- 
sarily pursue  a  roundabout  course,  following  down  one  side  of 
the  reservoir  to  the  further  end  and  then  back  again.  It  was 
pretty  well  settled  by  the  floats,  however,  that  in  times  of  sudden 
rain,  water  found  its  way  quickly  across  the  end  of  the  reservoir. 
In  this  connection,  the  Chancellor  says: 

'This  much  would  seem  to  be  certain :  That  the  cur- 
rent, such  as  it  is,  on  the  principle  that  the  water  goes  along 
the  line  of  least  resistance,  necessarily  tends  to  flow  from  the 
mouth  of  the  river  towards  the  gate-house  and  spillway. 
If  more  water  is  flowing  over  the  spillway  than  through  the 
gate-house,  then  the  current  would  be  more  pronounced  in 
that  direction.  If  the  wind  is  blowing  hard  from  the  north- 
west, this  tendency  would  be  augmented.  The  larger  the 
volume  of  water  flowing  in  the  river  the  stronger  the  current. 
It  nowhere  appears  in  the  testimony  how  far  down  these  cur* 
rents  would  extend,  so  far  as  they  are  set  in  motion  by  the 
passage  Of  the  water  toward  the  spiltway.  It  is  at  least 
probable  that  the  friction  of  the  upper  currents  upon  the 
lower,  created  either  by  a  considerable  wind  or  by  a  freshet, 
would  tend  to  set  the  lower  currents  in  motion  in  the  same 
direction,  in  accordance  with  the  result  of  Mr,  KuichltngV 
observations  in  Like  Michigan,  and  that  these  currents 
would  be  directed  toward  the  gate-house  rather  than  toward 
the  Parsippany  dam. 

"There  is  a  fact  in  this  connection  which  *eems  to  me 
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tie  friction  of  the 
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---v  :\i:~v  lew  in  water  collected  at 

-      ::  the  testers  are  notably  variable. 
-  >  examinations  made   for  the 

%>   i :!^;  a  teriod  of  three  vears.  5.4**0 


bacteria  were  found  on  one  occasion  ;  three  other  samples  showed 
counts  over  1,000,  and  eight  others  gave  numbers  between  500 
and  1X500.  At  Jersey  Cily,  after  passing  through  the  22-mile  con- 
duit, the  bacterial  condition  of  the  water  is  of  course  better  but 
the  same  *ort  of  irregularities  are  manifest,  Mr.  G.  C  Whipple 
(for  the  eity)  found  numbers  varying  between  120  and  2,500  in 
1904  and  between  210  and  2.400  in  1905  ;  Dr.  McLaughlin's  results 
were  not  very  different;  and  all  along,  as  the  Chancellor  showed 
in  his  review  of  the  evidence,  high  counts  and  the  presence  of 
colon  bacilli  were  associated  with  rains  on  the  watershed  and 
sudden  rise  of  water  in  the  reservoir.  Melting  snow  produced 
high  water  on  December  22,  1906,  and  on  December  2u,  1906.  I 
found  2,2(10  bacteria  per  cubic  centimeter  at  Jersey  City;  in  the 
afternoon  of  the  same  day*  and  on  the  27th,  the  numbers  fell  to 
normal  values  r,f  150  and  200.  The  reservoir  rose  again  rapidly 
on  March  13th  and  14th,  1907.  On  March  19th  1  found  counts 
between  600  and  1 ,200  at  Jersey  I  ity,  and  B,  rm'i  present  in  one- 
tenth  of  a  cubic  centimeter. 

In  order  to  meet  thenr  facts  the  experts  of  the  company  fell 
back  on  average  ana!vM>,  ami  on  this  hasi>  made  out  a  fairly 


were  present  only  7'i  or  8%  of  the  time,  and  the  average  effi- 
ciency of  storage  compared  not  unfavorably  with  that  of  many 
water  filters.  The  experts  for  the  city  maintained,  however,  that 
conclusions  based  on  the  proportion  of  tamplo  showing  R,  coii 
rested  on  the  assumption  of  unchanging  conditions,  and  did  not 
apply  to  a  varying  purifying  mechanism  like  a  reservoir.  In  the 
Chancellors  words: 

4#If  50  ^mples  wrrc  taken  from  the  same  place  on  the 
same  day  and  it  were  found  that  B.  toh  were  not  present  in 
one, cubic  centimeter  in  more  than  50f<  of  the  samples,  then 
the  water  would  be  considered  go**l;  hut  if  one  sample  were 
taken  on  one  day  in  each  week  of  the  year  and  it  were  found 
that  on  4?  days  B.  cMi  were  not  present  and  on  7  days  they 
were,  all  that  that  would  indicate  would  be  that  on  45  days 
the  water  was  good  and  on  7  days  it  was  either  bail  or,  at 
)ca*t,  open  to  suspicion.  We  certainly  would  not  be  justi- 
hed  in  concluding  that  it  was  unobjectionable  during  7  weeks 
Iff  a  day  to  stand  for  a  weck  >,  only  because  it  was  good 
for  45  weeks;  if,  in  point  of  fact,  it  were  found  that  for  thttse 
7  weeks  it  was  bad  M 

From  tin*  point  of  \iew,  and  judging  the  character  of  the 
water  by  the  colon  tests  made  by  the  company's  own  experts,  the 
Chancellor  concluded  that 

"The  water  vias  of  doubtful  quality  in  I'm.  7\  •  *!  the  time; 
in  !<X)5,  5%  nf  the  time,  and  I'US.  8'r.   This,  in  davs,  would 


he.  in  25*5  day*,  in  1905,  18  days,  and  in  1906,  29  days, 
or«  if  we  include  ilrnt.  Wioskiw's  analysis  SI  days," 
I  his  careful  *tudy  of  the  efficiency  of  a  reservoir  in  self- 
punficalioitrta*  as  I  have  fttated,  to  the  conclusion  that  generally 
ihe  re**rroir  worked  excellently.  At  times,  if  the  conditions  of 
waier  in  the  reseiwtr,  the  stream- flow,  wind,  etc,  were  right, 
the  puniymu  mechanism  (generally  efficient)  broke  down  and 
lanje  numbers  of  bar  terra  were  earned  across  the  intake.  It  was 
even  claimed  by  the  expert*  on  the  city  side  that  on  one  occasion 
there  was  a  *itght  increase  in  typhoid  fever  m  Jersey  City  follow* 
mg  »nc  < 't  i  hoc  lapse*,  The  evidence  was  not  conclusive  on  that 
point*  and  the  general  death-rate  from  typhoid  fever  was  exceed- 
ingly low ;  in  tact,  Je»ey  City  has  one  of  the  lowest  death-rates 
from  typhoid  fever  in  this  country*  Nevertheless,  the  evidence 
was  snincirntly  clear  to  convince  the  Chancellor  that  there  was 
danger  «m  thivse  lew  days  in  the  year  when  conditions  were  just 
right  to  make  the  reservoir  an  imperfect  purifying-mechanism. 
Of  course,  the  question  whether  typhoid  fever  did  or  did  not 
fniloifl  tbusc  hritaks  had  no  important  bearing  on  the  practical 
proposition*  ft  might  easily  be  that  tor  a  number  of  vears  there 
would  nirt  1*e  typhoid  bacilli  in  the  Rockaway  River  at  just  the 
right  time  tn  be  carried  across.  Nevertheless,  if  the  pollution  ex- 
isted, there  w»  always*  the  chance  that  at  some  time  the  specific 
tnf  cctioit  would  be  present.  As  the  Chancellor  stated  the  case : 

"I  am,  on  the  whole,  obliged  to  conclude  that  all  the 
evidence  favors  the  theory  that  water,  under  certain  com- 
binations of  circumstances  occurring  perhaps  on  an  average 
two  rir  three  times  a  year,  will  pass  from  the  mouth  of  the 
river  to  the  Jersey  City  reservoirs  in  two  or  three  days. 
Kverv  tact  is  favorable  to  this  view  and  no  fact,  so  far  as  I 
can  discover,  is  opposed  to  it." 

The  Court  therefore  reached  the  opinion  that  "Patrick  H. 
KIvmm  and  the  Jersey  City  Water  Supply  Company  have  not  com- 
plied with  those  provisions  of  the  said  contract  which  stipulated 
that  the  supply  of  water  delivered  to  Jersey  City  shall  at  all  times 
be  free  from  pollution,  it  appearing  that  the  works,  as  a  mechan- 
ism for  the  purification  of  the  supply,  are  not  at  all  times  ade- 
quate and  reliable." 

It  was  therefore  decreed  that  "There  shall  also  be  deducted 
from  the  contract  price  the  cost  of  establishing  intercepting- 
sewers  and  drains  and  sewage-disposal  works,  capable  of  sub- 
^tantiallv  preventing  the  contamination  of  the  Rockaway  River 
above  the  Boonton  Reservoir  from  the  sewage  of  the  Citv  of 
Dover,  the  City  of  Boonton,  and  the  Village  of  Hibernia,  which 
cost  shall  be  hereafter  determined  by  the  Court." 

It  was  also  provided  that  the  company  might  "in  lieu  of  and 
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a  substitute  for  all  or  any  of  I  he  sewers  anil  *ewage  di^i****! 
orks  .  .  .  present  other  plans  or  devices  for  maintaining  tin 
puritv  of  the  water  delivered  by  the  company  to  the  city  through 
i»ul  the  year/'  Kvidence  in  regard  to  these  plans  or  device*  an  J 
their  cost,  and  tn  regard  to  the  cost  of  the  sewers  and  sewage 
disposal  works,  was  to  be  presented  before  a  •special  Master,— the 
Honorable  William  J.  Magic.  This  constitutes  the  second  branch 
of  the  case,  on  which  the  evidence  is  now  alt  in,  hut  on  which  a 
decision  has  not  yet  been  rendered.  The  extorts  for  the  city 
have  proposed  scwagcHlispnsal  works  of  several  types.  The  sew- 
erage plan,  which  was  at  last  practically  agreed  upon  by  evperls 
ft>r  lioth  sides,  was  for  a  trunk-sewer  running  down  the  Rt  <  k- 
away  River  from  Dover  to  a  purification-plant  below  the  lb  win- 
Ion  dam.  1  believe  the  plan  of  the  company's  exports  pro%tdcd 
for  a  trunk-sewer  on  one  side  and  the  city's  experts  on  the  other, 
but  there  was  very  little  difference  in  either  the  designs  or  the 
estimates.  The  collecting  systems  differed  in  extent,  I  lit  the 
revised  plans  of  Mr.  Nicholas  S.  Hill,  the  principal  cni*;mcring 
witness  for  the  city,  were  only  $544,540,  against  estimates  »«f 
$376,005  by  Mr.  Rudolph  Bering,  and  $420,595  by  Mr.  G,  \V 
Fuller,  for  the  company.  For  Hibernia,  where  there  is  no  w  ater- 
supply  available,  Mr.  J 1  ill  proposed  a  pail-system  of  collecting 
and  disposing  of  excreta  at  an  estimated  cost  of  $23,475.  Fur- 
thermore, the  city  maintained  that  the  capitalized  cost  of  opera- 
tion and  due  allowance  for  depreciation  should  also  be  included, 
bringing  the  total  deduction  up  to  $872,744. 

The  company's  alternative  plan,  which  was,  of  course, 
much  cheaper  than  any  sewerage  system,  was  a  chlorine-disin- 
fecting plant  for  treating  the  water  as  it  was  taken  out  of  the 
reservoir.  This  plant — which  was  made  possible.  I  think,  by  the 
experiments  carried  out  at  "Bubbly  Creek'*  at  the  Chicago  Stock 
Yards— is  described  in  the  Engineering  Sms  for  Junr  34,  1W. 
As  all  its  details  may  not  be  familiar  to  the  society,  1  will  refer 
briefly  |Q  some  of  them. 

The  plant  as  used  at  Boon  ton  contemplated  no  filtration  of 
the  water  but  simplv  treatment  either  with  chloride  <-f  tunc,  or 
with  hypochlorite  of  sodium  produced  by  the  electrolytic  treat- 
ment of  salt.    In  either  case  the  action  is  a  simple  disinfection. 

I  should  not,  perhaps,  say  that  the  action  t«  simple,  how- 
ever, because  a  great  many  pages  of  tcstinv  ny  were  wasted  on 
the  discussion  as  to  whether  it  was  the  chlorine  that  killed  the 
bacteria  or  whether  the  chlorine  liberated  oxygen  that  killed  the 
bacteria.  At  any  rate,  there  ^  n<>  H  .nKt  thit  when  hypochlorites 
are  added  to  water  or  sewage  containing  bacteria,  a  Urge  propor- 
tion of  the  .bacteria  are  killed.  The  plant  involved  tanks  in  w  hich 
the  bleaching  powder  was  dissolved,  orifice  tanks  to  which  the 


«idutton  was  pumped  and  from  which  it  was  waited  over  a  waste- 
weir  continually,  and  a  grid  through  which  the  solution  at  blearh- 
tag-powder  was  discharged  into  the  stream  of  water  coming  from 
the  reservoir  at  a  number  of  points,  insuring  a  fairly  perfect  mix- 
ture The  amount  of  bleaching-powder  added  at  first  was  36 
|u iwthh  | u  r  million  gllfoM,  eqtjtiraieilt  to  1.4  parts  per  million  at 

mrailaldt*  chtoHMt  w4  ibout  4w2  porta  pet  minion  til  ttaM^ 
powder.  Gradually  the  amount  was  cut  down  to  5  pounds  per 
million  gallon*,  corresponding  to  02  of  a  part  per  million  of 
Available  chlorine,  or  0.6  of  a  part  per  million  of  bleaching-pow- 
der  — a  very  minute  dose  for  this  large  volume  of  water.  The 
result  was  the  production  of  an  effluent  in  general  very  low  in 
bacteria.  According  to  the  experts  for  the  water  company,  bac- 
terial number*  ranging  from  30  t  600  were  cot  down  to  an 
i  i  15  per  cubic  cent  ittirUT,  during  a  period  of  a  little 
If**  than  three  months,  the  colon  bamlus  was  found  by  the  com- 
MMf  I  experts*  only  once  out  of  455  tests  {Engineering  News, 
LXi*  6'*>V  Clearly  the  blcaching-powder  exerted  a  strong  bac- 
ttruidul  action.  Tlie  city  contended,  however,  that  the  plant  did 
not  fulfill  the  contract  and  did  not  supply  a  pure  and  wholesome 
water  throughout  the  year.  This  contention,  which,  of  course,  is 
nut  yet  an  accepted  one,  being  still  before  the  Chancellor,*  was 
baaed  on  several  considerations,  and  in  reviewing  them  I  can 
only  be  held  responsible  for  my  own  opinions,  as  I  have  not 
Hidled  all  the  Othei  experts'  testimony  in  the  case  on  either  side, 
In  the  fit*!  place,  the  City  maintained  that  the  disinfection- 
plant  at  the  Hoonton  dam  could  not  properly  be  held  to  consti- 
tute a  process,  alternative  to  the  construction  of  sewers  and 
sew  age- disposal  works  on  the  Rockaway  watershed.  Sewage- 
disposal  and  water-purification  are  not  interchangeable  pro- 
cesses ;  both  are  essential  according  to  modern  standards.  It  was 
Mr.  llcring,  1  think,  who  coined  the  aphorism,  "Nothing  put  into 
a  stream  without  purification,  nothing  taken  out  of  a  stream 
without  purification."  Sewage-purification  should  keep  out  the 
grosser  pollution,  but  water-purification  is  still  required  at  the 
other  cud  to  remove  the  incidental  pollution  that  must  get  into 
any  surface  water.   To  quote  from  Mr.  Hill: 

"It  is  not  sufficient  to  boil  sewage  or  treat  it  chemically 
and  then  drink  it.  Under  the  special  condition  of  flood  fol- 
lowing low  water  and  accompanied  by  westerly  wind,  with 

*Hon.  \\  .  J.  Magic,  the  Master  in  the  case,  has  recently  rendered  an 
opinion,  supporting  the  contention  of  the  water  company  in  regard  to 
the  character  of  the  disinfected  water  and  the  propriety  of  substituting  a 
disinfecting  plant  for  sewage  disposal  works.  •  The  final  decision  of  tb« 
case  of  course  rests  with  the  Chancellor. 


which  the  present  case  deals,  the  water  at  the  dam  is  not  a 
proper  raw  water  for  safe  treatment.  Jersey  City,  in  ordct 
in  have  a  safe  supply,  must  remove  gross  sewage-pollution 
and  then  purify  the  water  at  the  dam.  It  is  therefore  mani- 
festly unjust  that  the  water  company  should  evade  the  more 
costly  fraction  of  the  necessary  burden  which  it  contracted 
Id  hear/' 

Beside*  this  primary  contention,  that  a  disinfecting  plant 
could  not  properly  be  accepted  as  "in  lieu"  of  sewage-purification 
plants,  the  experts  for  the  city  maintained  that  chlorine  disin- 
fection, as  practiced  at  Uoonton,  did  not  yield  a  water  "pure  and 
wholesome  and  free  from  pollution  deleterious  for  drinking  and 
domestic  purposes/*  For  the  most  part,  the  water  delivered  at 
Jersey  City  was  of  excellent  quality  as  judged  by  the  ordinary 
bacterial  tests,  hut  there  were  still  irregularities,  which  coin- 
cided as  before  with  periods  of  heavy  rain  on  the  watershed.  For 
example,  near  the  end  of  October,  1909.  there  were  severe  rains, 
and  on  four  days  following  October  26tht  several  samples  c.t 
water  at  Jersey  City  showed  colon  bacilli  present  in  6  or  7  out 
of  10  one-cubtc-ccritimcntcr  samples.  These  were  only  oCia- 
sional  samples,  it  is  true,  for  others  collected  on  the  same  days 
failed  to  show  intestinal  organisms;  but  there  were  similar  find- 
ings of  intestinal  bacteria  on  January  28,  and  on  March  4,  190a 
as  shown  by  the  analyses  reported  by  the  experts  for  the  city. 

OnMarch  4th,  the  following  results  were  obtained  by  Dr. 
Charles  E.  North: 

HACTFJIIOtJOGtCAf.  EXAMINATION*  OF  WATER  AT  Jfc*S£ Y  ClTY, 

Ma*  if,  4.  1909. 
I  Sacteria  per  c.  c.  K.  coli. 
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The  experts  for  the  Company  also  noted  the  pollution  of  the 
water  on  this  occasion.  Similar  excessive  numbers  of  intestinal 
bacteria  were  testified  to  in  August,  September,  and  October. 
1909.  by  Doctors  Jackson  and  North,  experts  lor  the  city.  It 
seemed  to  rne  and  to  others  that  these  high  numbers  oi  bacteria 
were  due  to  the  fact  that  the  sudden  increase  in  organic  matter 
sweeping  across  the  reservoir  at  times  of  rain  was  too  much  for 
the  normal  dose  of  bteaching-powdcr,  and  this  possibility  appar- 
ently constitutes  one  fundamental  defect  of  the  process.  When 
a  burden  of  extra  organic  matter  is  put  on  a  slow  *and-filter,  it 
works  with  a  higher  percentage  of  efficiency  than  before,  but 
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a  waxy  envelope  or  of  waxy  substance,  like  the  tubercle  bacilli! 
anil  spores  like  anthrax  and  0,  sporogews,  which  are  still  more 
resistant  to  the  action  of  the  disinfectant.  There  is  danger, 
therefore,  that  when  the  colon  bacilli  are  removed  these  other 
types  may  remain.  The  amount  of  chlorine  used  in  disinfecting 
water  would  almost  certainly  not  affect  spore-formers  like  the 
anthrax  bacillus,  which  has  several  times,  in  recent  years.  I>een 
transmitted  In  water  to  cattle,  and  might  just  as  well  be  trans- 
mitted to  man;  it  seems  probable,  too,  that  it  would  not  destroy 
the  tubercle  bacillus  which  gets  into  water  from  the  sewage  of 
man  and  from  the  excreta  of  cattle,  and  which  recent  investiga- 
tions have  shown  to  be,  to  an  appreciable  extent,  a  water- born 
disease. 

In  the  third  place,  the  possibility  has  appeared  in  the  last 
few  years  that  water-supply  may  cause  disease  in  other  ways  than 
by  transmission  of  living  specific  germs.  The  fact  that  typhi  till 
fever  is  by  no  means  the  only  disease  caused  by  polluted  water 
wan  shown  first  in  this  country  by  Mr.  Hiram  Mills,  «>t  the  Mas*a 
chusetts  State  Board  of  Health,  and  was  enunciated  in  clear  and 
definite  form  at  t he  Engineering  C  ongress  in  VK^X  by  Mr  Allen 
Hazen,  having  since  become  known  as  the  Hazen  theorem.  The 
Hazen  theorem  is  that  for  every  life  saved  from  typhoid  fever  by 
purification  of  water,  two  or  three  lives  are  saved  from  other 
causes.  This  fact  has  been  established,  I  think.  When  pure 
water  is  introduced,  there  is  a  fall  in  the  general  death  rate  much 
larger  than  can  be  accounted  f<»r  by  the  fall  in  the  typhoid  death 
rate.  Professor  Sedgwick  has  called  attention  to  the  fact  that 
among  the  specific  diseases  affected  in  this  way  are  tuberculosis, 
pneumonia,  bronchitis,  and  infant  mortality.  Just  how  these  dis- 
eases are  affected  we  do  not  know.  Whether  the  germ  is  rar 
ried  in  the  water — as  seems  probable  in  the  cases  of  tuberculosis 
or  whether  there  are  other  substances  in  the  water  that  have  a 
lowering  effect  on  the  vital  resistance — which  seems  perhaps  a 
more  probable  assumption  in  the  cases  of  pneumonia  and  bron 
chitis— we  do  not  know.  But  the  fact  that  other  diseases  than 
Uphoid  fever  are  caused  by  polluted  water  makes  uncertain  the 
value  of  a  process  which  simply  kills  certain  kinds  of  bacteria  and 
does  not  remove  other  deleterious  substance* 

This  case  will,  I  think,  take  its  place  as  one  of  the  historical 
law-suits  in  connection  with  the  subject  of  water  supply,  and  in 
closing  I  will  call  attention  only  t«»  what  seem  to  be  the  two 
main  results. 

First,  the  case  led  to  a  full  and  thorough  discussion  of  the 
philosophy  of  sclf-purification.  Of  course,  the  Chicago- St.  I»uis 
case  was  the  first  great  demonstration  of  the  extent  of  self*puri- 
fication  of  streams,  and  showed  that  it  is  an  enormous  force;  also 
that  it  is  possible  to  discharge  the  sewage  of  a  city  like  Chicago 
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that  il  adds  a  third  to  our  two  recognized  methods  of  water-  puri- 
fication, storage,  and  filtration.  My  own  view  of  the  matter  is 
that  with  the  increasing  recognition  of  the  importance  of  pure 
water,  and  of  the  growing  opinion  that  water  causes  disease  in 
various  ways,  at  least  two  of  these  three  safeguard*  ought  to  be 
used;  that  treating  a  stored  water,  a  lake  water.  0£  a  reservoir 
water — any  well  stored  watc*  by  chlorine  or  by  filial  if  m,  w  ill 
funish  a  satisfactory  supply,  and  that  for  a  river  water  supply 
which  has  nut  been  stored,  both  filtration  and  blcachi tig-powder 
will  give  the  best  results.  Of  course,  just  how  far  it  is  necessary 
to  go  in  these  respects  will  be  shown  by  practical  tests  carried  on 
in  the  next  few  years.  At  any  rate,  it  is  important  that  this  new 
process  should  have  as  a  net  resutt  the  improvement  of  the  char- 
acter of  our  water-supplies;  it  ought  to  enable  cities  with  poor 
water-supplies  to  ^et  fairlv  good  ones,  and  cities  which  have 
fairlv  good  water-supplies  to  get  excellent  ones,  but  il  ought  not 
10  be  made  a  means  for  lowering  sanitary  standards  by  substi- 
tuting partially  purified  supplies  for  those  that  are  well  purified 

Discussion. 

Mr.  A.  Rtment.  m.  w.  s.  e„  chairman:  We  arc  fortunate  in 
having  had  presented  to  us  a  matter  of  such  vital  interest,  and 
I  atn  not  sure  but  what  it  should  bring  to  us  a  lesson  here  in  Chi- 
cago. We  have  been  disposed  to  consider,  in  the  past,  that  we 
had  a  very  good  water-supply  and  that  it  could  be  used  without 
question,  but  ideas  have  changed  and  I  think  it  would  be  wetl 
to  take  into  account  the  facts  that  have  been  presented,  when 
considering  our  own  situation. 

JProf.  A.  N.  Talbitl,  m.  w.  s.  r.:  The  presentation  of  this 
interesting  subject  brings  to  mind  to  all  of  us.  I  think,  in  a  new 
way  the  great  importance  of  this  method  which  has  been  de- 
veloped within  the  last  few  years.  It  is  quite  possible  that  the 
use  of  blcaching-powdcr  may  some  day  be  of  advantage  to  Chi- 
cago in  treating  its  water  supply,  making  the  second  ol  two 
methods  which  I*r«»fcssor  Winslow  has  stated  should  be  used, 
an  additional  safeguard  to  the  storage  obtained  in  the  great  lake 
It  seems  to  me  that  the  Society  is  fortunate  in  having  the  mat- 
ter presented,  so  ably  and  so  completely,  by  Professor  Win-dow. 

Mr.  B.  /.  AshUy,  w.  s<  r_ :  1  am  deeply  interested  in  the 
subject  of  water  purification.  An  instance  of  water-pollution 
came  to  my  notice  this  week,  which  I  will  mention.  In  a  letter 
from  Rochester,  N.  \\.  information  was  re\eale<l  that  several 
neighbors  outside  of  the  sewer  district  had  been  advised  by 
the  local  plumbers  and.  I  think,  by  an  architect,  that  to  dispose 
of  the  sewage  from  their  houses  they  could  dig  large  cesspool* 
alkiut  12  feet  square  and  12  feel  deep,  with  a  dividing- wall  of 
brick,  laid  up  without  mortar,  running  through  them;  and  that 
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a.  -  The  protection  of  drinking-  water 

m\  ik*.  ait  i his  particular  topic  was  dis- 
•:--v  .  •  -  ivM-nce  i.i^i  >umttier  hy  Mr.  Aivord  soon  after 
.10  «  n;><.  •.  eiv  made  it  Poontun.  N.  J.,  and  at  that  time 

Mr  s  ;  "  —  vi  uti  -'«»ssibly  the  hypochlorite  process 
<. 'ii  •..  -v  i  -ic    it -mkmv;- water  here  in  Chicago.  Some 

■tic  m         c  :  -M    luu   t  might  be  applied  at  the  cribs. 

::mi  m-  •.■!!!'.■'  -i-^^simi  \  a>  made  that  it  would  be  quite 
M\ic'.'v\i,«tc  .  pp iv  k  mi  ce>>  at  the  pumping  stations.  When 
■he  "hmmw  ,;!r,-  :-v  :t'v:!i^  i  cnii>iaiu  quantity  of  water — a  meas- 
ip;,!  -miii-'v  i  \atci  -  ,ut  \cici  proportionate  amount  of  the 
nv;  :  \  _  >-\'M     e    :m;u.    uui  it  would  be  a  comparatively 

mnpie  ma: nmnue  'he  mechanism.  The  suggestion  was 
m;p.ie  mat  .\  ;me  ^  rM.ir>  -ie  process  would  be  unnecessary  at 
•  >r(^.-:u.  •  :maivses  u  m\  "line  indicated  pollution  of  the  water 
tt  iu-  *r:i»>  it  opuhi  ^e  :>ut  nU'  ■  operation  temporarily  for  use  as 
M.-m;  .v.>  it  mi^iit  i"»e  needed. 

l  mter  from  Professor  \\  insluw's  remarks  that  he  does  not 
approve  of  converting  the  sewage  uf  "Bubbly  Creek"  into  drink- 
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ing  water,  but  perhaps  he  would  not  want  to  Ik-  quoted  on  that 
proposition  specifically. 

/V.  Frederick  O.  Tonney.    Several  suggestions  have  been 
made  this  evening  which  1  think  arc  pertinent  to  the  situation  in 
Chicago,  The  one  made  by  the  last  speaker  occurred  to  me  some  time 
ago  and  I  think  it  is  a  valuable  suggestion,  I  think  it  is  quite  well 
established  that  the  city  of  Chicago  ha*  an  excellent  water-supply,  a 
water-supplies  go,  but  there  are  some  things  in  connection  there  wit 
that  arc  still  somewhat  unsatisfactory.    The  cribs  supplying  th 
main  downtown  district,  ami  in  fact  those  supplying  most  of  the 
districts  of  the  city  are  showing  very  good  results,  as  indicated 
by  the  analysis  in  the  city  laboratory,  but  according  to  the^c 
analyses  there  are  two  stations  which  will  bear  watching.  One 
is  the  Rogers  I 'ark  pumping  station,  the  intake  of  which  is 
located  within  a  short  distance  from  shore.    A  nitration-plan 
has  been  recently  installed  in  that  station,  but  up  to  the  present 
time  the  water  still  shows  a  rather  high  colon  bacillus  content. 
The  typhoid  rate  in  that  vicinity  has  also  been  higher  than  in 
other  portions  of  the  city.    The  other  station  I  had  in  mind  is 
that  supplied  by  the  Sixty -eighth  Street  or  ltvde  I'ark  crib. 
This  is  the  only  crib  which  is  located  within  what  may  be  con 
sidered  dangerous  distance  of  a  sewer  outlet.    The  Seventy 
ninth  Street  sewer  is  still  discharging  into  the  lake  within  a  dis 
tance  of  perhaps  two  miles,  and  in  addition  it  is  probable  that  a 
times  the  sewage  of  the  Calumet  River  is  carried  as  far  north  a 
the  intake,    As  is  to  be  expected,  the  bacterial  tests  show  evi- 
dence of  occasional  pollution,  although  this  is  of  rare  occurrence. 
It  seems  to  me  that  in  these  two  stations  quite  satisfactory 
results  might  be  obtained  by  the  addition  of  a  germicide  applied 
as  a  temporary  measure  until  the  polluting  agencies  mentioned 
could  be  remedied.     1   think  that  the  hypochlorite  treatment 
offers,  as  suggested,  a  valuable  remedy  in  such  cases,  and  it  no 
doubt  represents  a  valuable  addition  to  the  accepted  methods  of 
water  purification. 

Another  point  which  I  have  in  mind,  now  of  interest  lo  the 
city  of  Chicago.  i«*  bearing  nr*»«  the  germicidals reatment  of 
water,  in  connection  with  the  "Hubbly  Creek1'  suit.  While,  of 
course,  the  matter  is  stilt  in  the  courts  and  it  is.  therefore,  hardly 
proper  to  draw  conclusions  from  the  evidence  thus  far  intro- 
duced* yet  it  occurs  to  me  that  this  case  afTotds  an  apt  illustra- 
tion of*  the  danger  (a  natural  tendency  as  a  result  of  over- 
enthusiasm)  of  going  too  ftr,— of  assuming  that  the  process  will 
do  more  than  the  facts  warrant.  No  doubt  the  hypochlorite  pro- 
cess is  valuable  for  the  treatment  of  somewhat  polluted  waters,— 
waters  which  can  still  be  recommended  as  pro|>cr  sources  for  drink- 
ing purposes,  -but  it  seems  to  me  that  it  is  going  *  *tcp  too  far  lo 
try  to  convert  a  fresh  sewage  directly  into  a  potable  water  by 
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any  process  as  yet  developed  on  a  practical  scale.  Of  course  the 
itter  will  be  fought  out  in  the  courts  and  the  best  evidence  on 
h  sides  will  be  presented.  At  the  time  of  the  decision  we 
dl  be  in  a  better  position  to  discuss  the  points  at  issue. 

The  subject  presented  by  Dr,  Winslow  is  a  matter  of  vital 
:rest  to  us  all.  Personally  my  attitude  is  from  the  standpoint 
,  hygienist  and  physician,  and  as  I  am  not  an  engineer,  many 
the  practical  phases  of  the  problem  are  perhaps  not  as  clear 
sie  as  they  are  to  some  of  the  members  of  the  society, 

Mr.  Bemeni:  Concerning  our  water-supply  from  Lake 
*higau,  on  a  great  many  mornings,  I  have  observed  water  in 

bath-tub  which  has  come  out  of  the  cold-water  faucet  which 
r  so  dark  that  I  could  not  see  the  bottom  of  the  tub,  and  some- 
es  it  has  been  black.  That  condition  seems  to  occur  after  we 
e  had  a  north  or  northeast  wind,  and  1  have  supposed  that  the 
'blc  was  due,  in  a  measure,  to  the  dumping  of  dredgings  in 

ake. 

Mr.  Langdon  Pearse:    There  are  several  points  I  would  like 

oeak  on,  I  was  connected  with  the  Jersey  City  work  on  the 
~de  at  the  time  the  suit  started  and  made  the  sanitary  sur- 
'  the  watershed  there  under  the  direction  of  Mr.  George 
e,  so  I  might  say  I  am  familiar  with  every  inch  of  the 
connection  with  the  case,  although  I  have  not  been 
a.wu  with  the  work  since  1904.  There  is  not  a  sewer  on  the 
shed.    As  Prof,  Winslow  showed,  there  are  several  towns 

uie  watershed— Dover,  with  a  population  of  about  6.000; 
Rockaway,  about  1,600,  and  Boonton,  about  3,900, 

Hibernia  was  really  the  worst  place — an  iron  mine  employ- 
ing about  800  men  daily  in  the  workings,  and  all  of  their  exe- 
cretcd  matter  was  pumped  out  in  the  mine  drainage  into  a  creek 
running  down  into  the  Rockaway  River.  At  the  time,  we 
regarded  Hibernia  as  the  place  requiring  the  most  immediate 
attention,  but  we  had  not  developed  any  scheme  to  fix  it  then. 
It  will  probably  interest  the  members  here  who  do  not  come  in 
contact  with  such  things  to  explain  that,  in  our  sanitary  survey, 
we  took  the  census  of  every  house  on  the  watershed  which 
could  in  any  way  drain  into  the  water  supply,  and  listed  the 
provision  of  sewage.  In  most  cases  this  meant  an  inspection  of 
the  privy  and  barnyard.  These  were  all  mapped  and  submitted 
as  part  of  the  evidence.  Most  of  the  pollution  was  scattered. 
Some  of  it,  of  course,  came  in  direct  from  privy  vaults  that 
dumped  into  the  stream  and  from  water  closets  discharging  into 
it.  The  latter  were  mostly  concealed,  but  we  found  that  the 
water  company's  inspector  had  been  in  collusion  with  the  people 
he  was  supposed  to  stop,  and  that  many  things  had  gone  on 
unknown  to  the  water  company,  although  they  were  doing  their 
best  to  prevent  pollution. 
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The  question  of  the  pollution  of  the  reservoir  at  Roontou 
was  interesting,  and  I  am  glad  to  hear  what  Prof.  Winslow  had 
to  say  on  it.  We  thought  at  the  time,  that  is*  before  the  float 
measurements  were  made,  that  it  was  highly  probable  in  time  of 
storm  that  the  pollution  from  the  surface  wash  as  it  came  down 
the  river  might  be  swept  right  across  the  reservoir  directly  into 
the  city  supply.  We  felt  that  the  water  really  ought  to  be  fil- 
tered, although  the  turbidity  was  not  very  high.  At  that  time 
disinfection  had  nut  been  developed  fur  the  protection  of  such  a 
water  supply.  The  question  of  storage  is  important,  but  it  would 
not  protect  in  a  case  like  this. 

The  question  of  the  cost  of  treating  the  water  by  the  use  of 
bleaching  powder  brings  up  a  question  which  I  would  like  to 
ask,  "Is  the  cost  of  14  cents  computed  for  the  making  of  the 
hypochlorite!  by  the  electrolytic  process  with  the  electric  power 
free,  or  is  it  for  the  use  of  bleaching  powder?*'  The  Boonton 
reservoir  has  a  massive  concrete  dam.  rock-faced,  with  an  avail- 
aide  fall,  I  think,  of  over  65  feet.  That  power  usually  goes  to 
waste  but  could  be  utilized  to  generate  electricity  to  transform 
into  hypochlorite  of  sodium.  If  that  is  being  done,  the  cost 
Jersey  City  would  not  be  comparable  to  what  we  would  have 
7%,  for  instance,  to  treat  the  Sixty-ninth  Street  crib,  although  I 
suppose  the  Sanitary  District  would  be  glad  to  sell  its  power  at 
a  cheap  rate  to  make  sodium  hypochlorite  for  the  sterilization 
nf  Chicago's  water  supply. 

In  connection  with  the  water-supply  of  Chicago  and  the 
towns  on  the  north  shore,  Dr.  Tonney,  Prof.  Barlow,  and  myself 
have  carried  on  a  series  of  experiments  as  far  north  as  Waukcgan 
and  have  studied  this  question  of  turbidity  which  your  Vice- 
President,  Mr.  Bemcnt,  speaks  of,  and  we  find  it  is  not  so  much 
the  distance  from  shore  that  is  the  element  involved,  but  the 
question  of  the  depth  at  which  waves  will  affect  the  bottom 
We  find  beyond  forty  feet  depth  that  there  is  not  much  wave 
action,  although  at  the  time  of  heavy  storms  a  slight  action  may 
be  noticed.  In  thirty  feet  of  water  it  is  more  pronounced,  and 
*n  twenty  feet  almost  every  wind  stirs  up  the  bottom.  This  is 
bly  the  condition  around  the  Chicago  cribs  because  they  are 
shallow  water,  none  of  them  in  more  than  thirty  feet,  tf  I 
remember  correctly.  There  has  also  been  more  or  less  dredge 
dumping  around  them  in  the  past  and  spoil  deposited  from  the 
ater  tunnels  themselves,  which  is  being  stirred  up  by  every 
ind.  In  that  connection  I  believe  the  pollution  from  the  Calu- 
et  undoubtedly  affects  the  Sixty-ninth  Street  cribs  at  times, 
nd  I  believe  always  will  do  so  until  the  Sanitary  Canal  from  the 
'alumct  tu  the  Sag  reverses  the  flow  of  the  Calumet  River. 

The  question  of  pollution  that  Mr.  Ashley  asked  in  the  case 
f  this  Boonton  reservoir  would  not  apply  on  account  of  the 
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lack  of  tctiage  (abilities  on  the  watershed.    It  is  rather 
i  that  such  tommunitxr*  *h<*iUi  have  grown  up  for  so  many 
year*  without  any  •ewer*,  bet  they  dii  and  still  flourish. 

In  figuring  dilution,  for  instance,  as  in  the  case  of  the  Chi- 
cago  Drainage  Canal,  which  has  a  dilution  much  Iks  than  the 
relation  of  one  to  fifty,  that  Mr.  Ashley  asked  about ,  we  stated 
that  there  was  a  dilution  of  three  and  three-tenths  cubic  feet  per 
second  for  every  one  thousand  inhabitants.  If  this  be  figured 
on  a  per  capita  water  consumption  of  two  hundred  gallons 
capita,  the  dilution  is  about  one  to  eleven.  The  statement 
capita  is  more  comprehensive  than  the  ratio  of  dilution  in  gal 
on  acrciint  of  the  wide  difference  in  the  consumption  of  w 
and  flow  of  sewage  in  different  communities.    At  the  Thirty 
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ninth  Street  Testing  Sti  " 
varies  from  two  bund  re 
daily,  with  a  water  cons, 
drcd  gallons  per  capita.  /\ 
water  wa*  about  on 
in  Massachusetts  to 
capita  and  a  few  cvi 
for  sewage  work,  pa 
per  1,000  inhabitants, 
of  three  and  thru  n-i 
inhabitant*  gives  a  re. 


id  that  the  per  capita  flow 
hundred  gallons  per  capita 
Chicago  of  about  two  hun* 
ss?  Ohio,  the  consumption  of 
enty  gallons  per  capita,  and 
as  low  as  sixty  gallons  per 
try  to  express  such  figures 
>n,  in  cubic  feet  per  second 
i  the  Chicago  drainage  canal 
>er  second  per  one  thousand 
a  nuisance.   It  would  not  be 


Mr.  Bctncnt:  I  think  there  is  no  question  in  the  mind  of  any 
of  us  here  this  evening,  or  any  of  the  citizens  of  Chicago  who 
have  given  thought  to  the  matter,  but  that  it  is  desirable  to  have 
the  Sag  cut-off  to  carry  away  the  sewage  from  the  Calumet  dis- 
triet.  J  hope  it  will  not  be  long  until  it  is  begun  and  that  we 
shall  have  the  water  flowing  through  there  as  soon  as  possible. 

Mr.  Charles  B.  Burdick,  m.  w.  s.  e.  :  There  is  no  question  hut 
that  the  subject  which  Professor  Winslow  has  presented  is  of 
great  importance.  It  should  be  noted,  and  I  believe  that  Profes- 
sor Winslow  has  emphasized  this  point,  that  hypochlorite  is  not 
a  panacea.  A  good  water  must  be  not  only  healthful,  but  pleas- 
ing to  sight,  taste,  and  smell,  and  no  water  is  acceptable  for  the 
use  of  human  beings  that  does  not  posses  these  requisites. 
Hypochlorite  will  not  clean  a  dirty  water,  although  it  will  prac- 
tically kill  the  germ  life  therein,  and  therefore,  except  in  case  of 
emergency,  its  usefulness  is  confined  to  clear  waters.  There  are, 
however,  many  situations  where  its  use  will  make  a  perfectly 
acceptable  water. 

The  opinion  has  been  quite  well  grounded  among  sanitarians 
that  a  surface-water  should  be  filtered  before  it  is  used  for 
domestic  purposes,  and  the  term  surfacc-ivatcrs  includes  many 


waters — particularly  from  lakes — that  arc  acceptable  in  every 
cither  respect  than  their  germ  content.  Such  waters  as  these  can 
be  rendered  entirely  acceptable  by  a  treatment  with  hypo- 
chlorite. 

There  is  a  further  field  for  the  use  of  hypochlorite  in  the 
treatment  of  shallow-well  waters.  There  are  many  cases  where 
wells  for  municipal  supplies  have  been  sunk  in  such  situations 
that  the  sanitary  character  of  the  water  cannot  be  endorsed. 
There  are  other  situations  where  the  environment  t»f  the  shallow 
wells  may  have  been  originally  good,  but  where  municipal 
growth  has  changed  the  original  conditions.  Such  situations  are 
no  doubt  legitimate  fields  for  the  use  of  hypochlorite. 

Apparently  this  disinfectant  has  a  further  usefulness  in  the 
treatment  of  a  filtered  water.  Our  best  filtration-plants  at  times 
leave  considerable  to  be  desired  in  the  sanitary  character  of  ef- 
fluents, and  hypochlorite  has  evidenttv  been  applied  as  an  adjunct 
to  filtration  with  excellent  success.  Used  in  connection  with  me- 
chanical-filtration,  it  seems  to  permit  a  reduction  in  the  quantity 
Of  coagulants  used.  There  appears  to  be  situations,  especially  in 
the  case  of  waters  of  low  turbidity,  where  hypochlorite  can  be 
applied  in  conjunction  with  the  coagulants,  and  improved  sani- 
tary results  secured,  with  a  net  decreased  cost  in  the  purification 
process.  One  of  the  most  striking  uses  of  hypochlorite  has  been 
its  use  as  a  temporary  means  of  correcting  quickly  a  contami- 
nated water-supply.  There  is  no  other  germicidal  remedy  that 
can  be  so  quickly,  easily,  and  cheaply  applied. 

The  paper  has  Ivrett  useful  in  pointing  out  some  of  the  objec 
lions  to  the  use  of  hypochlorite.  Any  process  that  promises  so 
much  should  be  carefully  examined,  because  frequently  misuse 
gives  a  process  a  bad  reputation.  It  is  quite  possible  to  so  over- 
dose a  water  as  to  create  a  medicinal  odor,  which  is  a  serious 
objection.  I  have  heard  of  a  case  where  about  fi  of  a  grain  per 
gallon  produced  a  perceptible  odor,  and  there  are  probably  many 
water*  which  will  not  stand  anything  like  the  amount  of  hypo- 
chlorite that  has  been  successfully  used  upon  the  water  of  the 
[toon ton  reservoir. 

I  am  sure  it  would  add  to  the  paper  if  Professor  Window 
would  enlarge  somewhat  upon  the  effect  of  overdosing  on  the 
general  acceptability  of  the  water,  and  its  effect  upon  the  human 
system. 

CI.0S17BK. 

Professor  ll'msttnv:  In  regard  to  the  cost  of  treating  water 
by  bleaching- powder,  mentioned  by  Mr.  lYarse,  the  cost  of  14 
cents  included  the  price  of  bleaching- powder.  The  free  power 
used  in  the  plant  for  mixing  and  other  things.  Hypochlorite 
e  from  salt  is  now  being  used,  making  the  cost  still  1c*i 
i  hie  reason  why  the  towns  mentioned  have  not  built  sewer* 


m  because  they  are  waiting  for  Jersey  City  or  the  water  co 
pany  tO  do  it  for  them.    That  is  one  of  the  unfortunate 
of  the  whole  legal  complication. 

Mr,  Ashley  asked  about  the  degree  of  dilution  of 
which  might  be  given  as  a  recognized  requirement,  The  p 
portion  is  one  to  fifty  parts  of  sewage,  but  this  standard  of 
in  fifty  was  simply  a  limit  beyond  which  nuisance  would  not 
occur,  so  that  a  stream  would  not  become  a  cesspool;  it  was  not 
Of  course,  a  question  of  a  potable  supply. 

Referring  to  the  point  raised  by  Mr.  Burdick,  I  do  not  think 
there  is  evidence  that  would  lead  one  to  believe  that  the  slight 
amount  of  chlorine  left  in  the  water  after  treatment  under  oi  ' 
nary  conditions  would  be  sufficient  to  have  any  effect  on  heal 
But  where  the  amount  is  considerably  in  excess  of  that  necessa 
to  do  the  work,  there  may  be  what  is  called  a  chemical  or 
medicinal  taste  or  odor,  which  is  re*  ly  the  odor  of  the  chlorine. 
That  happened,  T  think,  recently  at  Juincy,  Illinois,  and  is  par- 
ticularly liable  to  occur  when  the  attempt  is  made  (as  it  was 
there)  to  add  chemicals  to  the  water  in  small  quantities  with 
rather  crude  dosing  devices;  under  such  conditions  larger 
amounts  get  in  at  one  time  than  at  other  times*  Another  tK 
ihat  sometimes  causes  an  odor  is  t^e  decomposition  of  orga: 
matter.  When  chlorine  is  first  ai  -d  it  often  kills  the  fungi  in 
the  water-pipes  and  as  they  die  *  decay  they  give  an  odor 
the  water. 

There  were  two  points  I  was  especially  glad  to  have  brought 
out.  One  of  the  speakers  intimated  that  my  position  would 
imply  disapproval  of  the  "Bubbly  Creek"  project.  That  is  a  point 
which  I  have  been  striving  to  impress  on  the  lawyer  for  the 
Stock  Yards  company  all  clay.  He  has  been  asking  me  questions 
about  it  for  four  hours  and  I  do  not  know  whether  I  have  con- 
veyed the  idea  to  him  or  not.  I  am  glad,  however,  to  have  con- 
veyed it  to  this  meeting. 

The  other  point  was  in  regard  to  the  application  of  the 
bleaching-powder  process  to  the  Chicago  water-supply.  One  of 
the  things  I  had  strongly  in  mind  when  I  came  to  Chicago,  and 
have  had  ever  since,  was  the  hope  of  getting  some  people  inter- 
ested in  that  proposition.  This  process  should  undoubtedly  be 
installed  at  an  early  date,  for  it  is  exactly  the  thing  to  make  the 
Chicago  water-supply  right,  in  the  places  where  now  it  is  weak. 
The  cost  is  very  small  indeed  and  there  is  no  reason  why  water 
from  the  Rogers  Park  or  Hyde  Fark  cribs  should  be  delivered  to 
Chicago  in  a  doubtful  condition  a  month  longer.  Where  condi- 
tions are  very  bad,  as  at  Montreal,  the  process  has  been  put  in 
without  question.  Of  course  Chicago's  supplies  are  not  of  that 
character — they  are  not  grossly,  heavily  polluted, — but  yet  they 
are  at  times  polluted  and  this  condition  ought  not  to  exist. 
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THE  FIELD  FOR  WATER  DISINFECTION  FROM  A 
SANITARY  STANDPOINT. 

BY  C.  E.    V.  WINSLOW.* 

There  can  l>e  no  doubt  that  the  development  of  a  praetieal 
method  of  water  disinfection  during  the  last  two  years  marks  an 
epoch  in  the  art  of  water  purification.  No  such  important  step  has 
perhaps  t>een  taken  since  the  demonstration  of  the  value  of  me- 
chanical filtration  at  Louisville  over  ten  years  ago.  Mr.  George 
A.  Johnson  and  his  associates  in  the  firm  of  Ilering  and  Fuller,  have 
opened  up  a  new  field  of  engineering  practice  and  have  rendered 
n  notable  service  to  the  community. 

It  is  curious  to  see  the  hope  of  a  process  for  the  disinfection  of 
water  realized  at  last  after  so  many  years  of  fruitless  effort.  Nu- 
merous attempts  hav»*  lieeii  made  along  this  line,  with  ozone,  per- 
manganates, bromine  mid  copper  sulphate  as  the  principal  chemi- 
cal agents.  Ozone  proved  efficient  from  a  bacteriological  standpoint, 
but  practical  difficulties  in  construction  and  operation  have  made 
its  production  costly  and  uncertain.  Mtvhanieal  improvements  are 
constantly  being  made,  ami  at  any  time  an  economical  ozone  plant 
may  be  designed :  but  so  far  this  possibility  appears  not  to  have 
l>een  realized.  Bromine  and  the  permanganates  have  never  been 
seriously  sugg»»sted  for  the  regular  treatment  of  water  sup- 
plies. Copper  sulphate  enjoyed  a  brief  vogue  a  few  years  ago;  but 
it  was  soon  demonstrated  that  its  efficiency  was  much  less  as  a  bac- 
tericide than  as  an  algieide  and  that  its  action  was  easily  inhibited 
by  the  presence  of  both  organic  and  inorganic  substances. 

The  possibilities  of  bleaching  powder  as  a  water  disinfectant, 
were,  as  it  seems  now.  strangely  overlooked.  Its  efficiency  in  the 
disinfection  of  feces  had  long  been  known.  It  was  used  as  an  emer- 
gency measure  to  clean  the  water  mains  after  a  typhoid  epidemic 
at  Maidston**.  England,  in  1*97.  Tnder  somewhat  similar  condi- 
tions it  was  temporarily  applied  to  the  water  supply  of  Lincoln. 
England,  in  1904-5.  Sewage  disinfection  by  means  of  bleaching 
powder  had  frequently  been  carried  out  in  (termany  during  ty- 
phoid and  cholera  epidemics,  and  at  a  few  [daces,  as  at  Brewster. 

•Bi«»|.»fnt  in  ''hargr  uf  th«"  SunUr\   Kr«mrrh         »rat«»rv  <if  thr  M*«*artmwrt ! *  lnttituir 
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chlorin  was  regularly  used  for  sewage 
.fv;ihinmf  Fur  the.  most  pari  hi  wevgr  1b-1  amount*  nf  <-hiorin  u-^'l 
for  water  or  sewage  treatment  were  rather  large  and  the  process 

I wan  regarded  as  an  emergency  measure,  rather  than  as  a  routine 
procedure  for  water  purification. 

Tn  1905  Ridoal  in  England  first  demonstrated  that  although  ab- 
M)3i>h"  sterilization  nf  pewage  required  large  quantities  of  chlorirL 
u  reasonable  purification,  comparable  to  that  attained  by  ordinary 
flro0ttM6g  cif  filtration,  could  be  attained  with  very  small  amounts 
]'n  f.  Phelps,  at  the  Sanitary  Research  Laboratory  of  the  Massa- 
chusetts Institute  of  Technology,  and  later  at  Red  BankT  N.  J. 
and  Baltimore,  MA,  confirmed  and  "^tended  these  conclusions, 
and  lifiurm  1  :#f if;  and  VMM  lirmly  est  sin  ,1  the  practice  of  sewage 
innfeHiun  npoil  a  pT»Ctic«l  hnsia* 
The  treatment  of  water  supplies  by  bleaching  powder 
different  problem  however;  and  the  credit  for  this  great  advance 
ftftta  wifh  Mr.  f'l   A  .Ir  hnson  and  his  associates,  who  designed  the 


piiri fj  cation  plants  at  tin*  Chicago 
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copper  sulphate  treatment  proved  unsatisfactory  on  account  of  the 
enormous  amount  of  organic  pollution.  The  substitution  of  bleach- 
ing powder  gave  much  better  results.  In  the  tests  reported  in  the 
Engineering  Record  (Vol.  LVIII,  659)  bacterial  counts  between 
225,000  and  1.890.000  per  cubic  centimeter  were  reduced  to  be- 
tween 1  and  55.  B.  coli  was  generally  absent  from  the  filtered 
water.  The  cost  during  the  official  test  was  $15.66  per  million  gal- 
lons. Tin*  plant  has  been  in  operation  since  the  autumn  of  1908 
and  has  uiven  satisfaction  to  the  stock  yards  company,  although 
the  Pity  of  Ohi<  a<_ro  does  not  consider  the  source  of  supply  a  safe 
oik*  and  has  passed  an  ordinance  forbidding  the  taking  of  su  m 
waters. 

At  Jersey  City  the  problem  was  quite  a  different  one.  A  heav- 
ily polluted  stream,  the  Roekaway  River,  flows  through  a  large 
reservoir  at  Boon  ton  and  is  generally  well-purified  by  storage.  At 
times  of  low  water  followed  by  heavy  rains,  however,  polluting  ma- 
terial is  carried  quickly  across  the  end  of  the  reservoir  and  the  puri- 

*  Phelps,  E.  B.  The  Disinfection  of  Sewage  and  Sewage  Filter  Effluent*.  Water-Supply 
Paper  No.  229  ^U.  S.'Oco'ogieal  Survey. 


tfcntiftn  in  inadequate.  To  meet  thi*  condition  the  Fast  Jersey 
Water  Company,  under  tin*  direction  of  Mr,  Johnson  ami  l*r.  J.  L. 
Leal.  installed  a  ehlnrin  |il»nii  for  treating  the  whole  supply  of 
Jersey  City.  40  million  gallons  a  tiny  Wenching  powder  alone  is 
iidded,  with  no  filtration,  anil  the  small  do*e  of  from  to  L4  parts 
of  available  ehlorin  per  mil  linn  reduee*  I  hi*  bacteria  from  rKl  IH0O 
in  the  raw  water  to  an  average  of  less  than  15  jmt  <\  t-  .  according 
hi  the  records  of  the  water  company's  experts.*  Free  water  power 
is  available,  reducing  the  cost  to  the  nominal  figures  of  14  cents  per 
million  trillions  (quoting  again  from  Mr.  Johnson's  estimates). 

The  Jersey  City  plant  has  lieen  in  operation  now  for  over  a 
year.  A*  in  the  case  of  Chicago  the  question  whether  this  partieu 
lar  supply  of  water  is  or  is  not  a  pure  and  wholesome  one  has  l>een 
extensively  debated  before  the  courts.  The  faet  that  ehlorin  com- 
pound*  exert  a  remarkable  bactericidal  action  has  however  been 
amply  established;  and  the  cost  of  treatment  is  much  less  than  that 
of  any  other  system  of  water  purification.  Chtoriu  has  been  nzz 
with  apparent  success  at  Ponghkeepsie,  \\  VM  and  Indianapolis,  Ind,. 
in  conjunction  with  *dow  >aml  filtration,  and  at  Cincinnati.  Ohio. 
Little  Falls,  N.  J.,  liarrislmrg.  Pa.,  and  many  other  places  as  a  pre 
liminary  to  mechanical  filtration,  hi  connection  with  the  latter 
process  it  is  clear  from  the  pnictiml  result**  obtained,  as  well  as 
from  valuable  experimental  studies  at  the  I*awrenee  Kxpcriinent 
Station  of  the  Massachusetts  State  Board  of  Health,  that  the  cost 
of  treatment  can  be  materially  reduced  by  the  reduction  in  coagu- 
lant which  is  made  possible  by  the  use  of  hypochlorite.  Withou 
any  filtration  al  all.  hypochlorite*  have  t*een  used  for  disinfecting 
suspicious  well  supplies  at  Coming  N.  V.,  and  Kidgewood,  N.  .1 
The  scandalous  condition  of  the  Montreal  water  supply  has  been 
irreatly  improved  by  a  similar  treatment  and  the  usual  winter  epi- 
demic of  typhoid  cut  abruptly  short.  Altogether  it  is  said  that  the 
supplies  of  some  hundred  cities  and  towns  are  receiving*  ehlorin 
treatment  in  some  form  or  other  at  the  present  time 

Then*  is  no  doubt  that  hj  jwiehlorite  disinfection  has-  come 
,  as  a  permanent  and  important  part  of  the  armamentarium  of 
the  water  work*  engineer  It  is  particularly  desirable  therefor  that 
th*»  field  for  its  legitimate  use  shotdd  I***  defined,  so  that  it  may  hi* 
protected  from  the  unwise  use  which  so  often  lend*  to  the  discredit 
of  new  discoveries.  Mechanical  difficulties  having  lieen  mice 
fully  overcome,  the  engineer  ni»*l  the   lenu*!  are  enthiisiaalie  over 


tiy  Z  part  .*f  avuiiafalfr  tAbctn  per  million,  whik*  Bubbly  fr**k 
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••onsiderabh-  volume  »t  ^nv  water  hits  passed  the  pnrifyinsr  works. 
iJerierni  »'XperiencM.  both  it  <*!ii'-tir'»  and  ar  Jersey  ('in*,  indicates 
that  \  Tfi  -killed  -up^r\  w<  ai  a  nirh  •  leirre**  nf  purity  '-an  be  main- 
tained :'-u*  <<»ni:  periods.  Th**  -xperts  for  Jersey  City  were  however 
of  r 1 1 •  -  ■.pinion  "hat  »n  >**verai  -M-casious.  following  sudden  rains, 
poi  lured  \ai»T  did  miss  rhe  B..<>nti»n  works  and  was  apparent  on 
arutlvM^  at  Mie  «-iry .  Ir  ;s  dear  rhat  irresrularity  of  operation  due 
to  vrtr-.-iti'-nv  u  r:w\  water,  must  be  ••artfully  sniarded  against.  All 
il*'vii'.-s  failibb-  .it'  ''muin'.  but  in  Hie  ^l<ov  sand  tilter  an  increase 
in  or^ana-  ••ontent  <<niy  increases  the  perentair"  efficiency  of  ba  - 
tenal  pur' n< -at  a  an  and  with  a  mechanical  tilter  it  is  possible  t«» 
LTauir*4  amount  of  alum  promptly  by  turbidity  standards  and  a 
siiLchi  "X— >s  would  do  no  <eri««us  harm.  Too  larire  a  dose  of  ehlorin 
on  the  other  bund  w-aiM  uuiekly  produce  odors  in  the  water  and 
the  'ianir'-r  • of  misean-uiar  ai  is  more  imminent. 

The  ^e-'< aid  point  «»n  which  further  linht  is  desirable  in  regard 
to  tin*  >a[]i!ai'y  value  »t  dNm tWtinn.  concerns  the  selective  ha  - 
tericidal  action  of  chiorin.  A  tilter.  since  its  working  is  mainly 
merhiinical.  -lets  in  a  ^un-nil  way  alike  on  all  bacterial  cells.  Thus 


it  i*  fair  to  take  the  gelatin  euunl  and  tie*  /J  rofi  determination  a* 
typical  of  the  reduction  in  other  forms     With  a  dtsiufeetant  the 

♦  :im'  is  very  different.  There  art*  at  Irani  three  distinct  grades  of 
resistant  e  to  hm  tiTu -idal  attend*,  manifested  resptvlivcly  hy  nnli- 
tiarv  vegetative  cells,  hy  crlls  provided  with  a  fatty  envelope  and 
hy  init  spore*.  The  ♦  fTVet  of  ehlorin  up  m  colon  lmt*illa  may  h*  con- 
sidered Ha  reprm-nlni  h  0  of  fa  action  u  pon  bacteria  of  the  lir*t 

♦  lavs  prohahly  includim*  sm  h  organism*  a*  those  which  rnuw  ty- 
phuol.  ami  cholera  find  dysentery.  The  hacteha  whose  eells  run 
tain  si  In rir»*  amount  of  fatty  material  are  much  more  resistant. 
Thus  antiformin.  a  preparation  containing  hypochlorite  and  can*- 
tie  soda  as  it*  nyvnls.  is  nnrd  an  an  aid  in  demonstrating 
tubercle  bacilli  in  r It* <  sputum,  because  it  dent mya  and  dissolve*  the 
ordinary  bacteria  without  affecting  the  B,  tuberctitoiis.  Just  how 
much  rhlurin  would  be  nwwwiri  b»  destroy  tubercle  bacilli  in  water 
under  practical  working  conditions  we  do  not  know,  It  would 
probably  he  in  e\n-*s  of  that  ordinarily  applied,  which  is  nicely  ad* 
ju*ted  to  *ei  tire  the  dent  met  ion  of  such  forms  as  the  colon  bacillus. 
Tin*  problem  in  of  tin  small  importance,  for  Sedgwick  and  MacNuti 
have  nhown  that  tuberculosis  in  one  <of  the  diseases  notably  dimin 
ished  hy  the  substitution  of  a  pun'  for  a  polluted  water. 

Kvi-n  water  polluted  from  agricultural  land  may  hear  this  or 
iraniMti,  since  Jordan  and  Arms  have  shown  that  the  feee*  of  cattle 
frequently  contain  hi  tie  re  le  bacilli.  Wit  h  n»srard  to  the  *  pit  rehear 
inir  bacteria  like  anthrax  the  protection  atTorded  hy  disinfection  i* 
praetitall\  nil  Th*  standard  textbooks  [ ilai  e  the  amount  of 
ehlorin  necessary  to  destroy  anthrax  spores  between  1  and  U.  per 
cent,  quantities  tar  oi  exec**  of  anything  used  in  the  purification 
of  water.  With  water  supplies  of  fairly  go4»d  character  the  danger 
of  anthrax  i*  of  course  slight .  hut  when  heavily  polluted  no  tin  en 
an-  us#d.  anthrax  may  easily  he  a  water-turtle  disease,  as  in  the  out- 
hrcak  near  lorry,  Pa  -  in  tlM)7,  whidi  wax  due  f«.  the  fael  that  cattle 
drank  from  a  hrook  pol luteal  hy  tannery  lienor.  Kxact  luNirntory 
determinations  mttvt  be  made  of  the  amount  of  .  hWm  neceaaary 
to  kill  tubercle  haeilli  and  anthrax  Kpon-s  under  the  condition* 
obtaining  in  water  treatment,  before  theiv  nm  he  any  confidence 
that  it  will  eliminate  either  of  these  dis. -ase  serins 

TTipiv  remains  Hnally  to  \m*  rou^alend  the  pnmlem  of  organic 
pollution  in  water,  which  in  removal  to  a  is  modern  hie  cxt»ti«  hy 
the  various  tilt  rat  ion  pn^nsi^s  and  to  a  mudi  lev*  decree  h>  ehlorin 
treatment     In  view  of  the  nupn  uir  irnportanet*  of  living  iliseasc 


rut,  i            ticnlurly  nf  the  typhoid  bacillus,  in  water  sanita- 
uuti,  ii  has  been  the  fWiimi  In  sp.-jik  us  if  such  living  germs  consti- 
tuted the  only  danger,    When,  however,  it  is  seriously  maintain 
that  chlorinated  sewage,  containing  a  large  proportion  of  decora 
*smg  fecal  matter  is  a  safe  source  of  supply,  it  is  well  to  remember 
fit  tiler*  are  no  Mcientifie  grounds  for  such  an  assumption.  Some 
Organic  compounds  are  quite  innocuous;  but  others  are  not.  We 
know  that  the  products  of  bacterial  derom position  concentrated  in 
I  he  irilesUmt  nrodtteo  auto-intoxications  and  far  reaching  derange 
mcnt*  of  the  body's  health.    In  what  dilution  such  sal 
ei.-HHc  to  tie  ha n>i Pol  we  do  not  know.    Certainly  the  fact  that  pi 
rimnia,  a*  well  as  1  ubcrrulosiB  and  i*f*nt  diarrhoea,  are  m 
diminished  by  the  introdurtii  water,  suggests  an  influence 

>J'  some  sort  upon  the  vital  re  >f  the  body,  aside  from  the 

sion  uf  specific  genua.  i  ly  ease  there  is  a  certain 
standard  of  decency  and  clean!:  irhich  must  be  maintained, 
aside  from  established  influence6  life  and  health.    Sewer  gas 

and  decaying  garbage  may  not  y  demonstrable  effect  upon 

the  death  rate ;  but  public  senti  btly  demands  their  elimina- 

tion, and  so  it  demands  the  ea  ;rom  water  supplies  of  any 

i;ir,^  pn.pi.rtinn  i»f  (I  rnpuKiiu;  nd  urine. 

What  T  am  saying  is  not  at  all  ■  e  line  of  merely  destructive 
criticism,  but  is  rather  an  attempt  to  outline  the  limitations  which 
must  be  recognized  if  disinfection  of  water  is  to  be  wisely  and  suc- 
cessfully carried  out.  Bleaching  powder  is  an  immensely  important 
adjunct  to  the  art  of  water  treatment,  but  in  my  judgment  it  holds 
out  no  reasonable  hope  that  waters  so  heavily  polluted  as  to  ap- 
proximate sewages  can  be  made  potable  by  this  method  any  more 
than  by  filtration.  Even  if  we  knew  how  much  chlorin  would  be 
necessary  to  destroy  the  more  resistant  disease  germs,  which  wre  do 
not,  and  if  it  were  proven  that  the  organic  compounds  present  were 
harmless  to  health,  which  is  not  now  proven,  the  esthetic  sense  of 
the  community  would  rightly  revolt  against  such  usage. 

Disinfection  with  bleaching  powder  must  take  its  place  with 
other  processes  of  water  treatment  as  admirably  suited  for  certain 
specific  purposes,  but  not  as  a  magic  cure-all.  It  is  best  calculated 
perhaps  to  act  as  a  double  safeguard,  in  connection  wTith  one  of  the 
other  recognized  procedures,  ensuring  a  completely  satisfactory 
supply  at  a  very  slight  cost,  or,  in  the  case  of  filtration,  with  per- 
haps a  net  economy.  Taking  an  ordinarily  polluted  stream  as  the 
original  source  of  most  water  supplies  there  are  now  three  processes 
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by  which  it  ran  be  treated,  storage,  fill  ration  and  disinfection,  A 
fairly  well  stored  water  like  that  now  supplied  to  the  city  of  Chi- 
eagn.  which  is  generally  pretty  wife  but  not  always  quite  wife,  can 
In*  rendered  unexceptionable  by  ehlorin  treatment ;  and  the  disin 
feet  ion  of  lake  and  reservoir  waters  is  likely  to  lie  one  of  the  most 
fruitful  fields  for  ehlorin  treatment.  When  a  surface  water  is  not 
stored  but  filtered,  cither  naturally  or  artifically,  disinfection  again 
furnishes  a  double  safeguard  and  eompletea  the  purification  proc- 
*-ss.  With  the  rising  standards  of  sanitation  1  believe  that  the  use  of 
two  out  of  the  three  methods  of  purifying  water  in  combination  will 
more  and  more  come  to  be  the  ride.  This  brilliant  new  development 
of  water  disinfection  will  thus  mean  no  lowering  of  the  quality  of 
our  waler  supplies  in  the  interest  of  n  false  economy,  but  a  new  hid 
wark  of  the  public  health,  an  added  protection  against  the  intro- 
duction of  disease  in  all  its  forms. 

MST1  SHION. 

t'hiiirnutn:  We  certainly  appreciate  this  broad  and  excellent 
paper  by  Professor  Winalow. 

Mr.  Hurrays:  1  have  been  much interested  in  this  use  of  hypo 
•  hlnnte  in  the  purification  «»f  water.  1  have  tried  some  esperi 
metit*  on  the  disinfection  of  water  of  th**  swimming  pool  at  the 
Puniue  University  gymnasium,  1  added  less  than  <*ne  part  of 
available  chlorine  by  this  method  to  K5+0f*>  gallons-  of  water,  and 
was  able  to  get  purification  oT  99.8  per  cent,  in  bacterial  figure*. 
I  made  no  chemical  teatx  Of  course,  the  water  in  the  swimming 
pool  is  dilute  sewage.  It  always  shows  presence  of  bacillus  eoli 
after  swimming  After  treatment  with  the  hypochlorite  it  ha* 
never  showed  bacillus  eoli  I  ran  a  test  for  a  week  not  using  any 
hypochlorite,  running  the  tank  under  the  ordinary  conditions  in 
which  it  is  cleaned  twice  a  week.  This  cost*  the  University  about 
ten  dollar*  each  time  the  tank  is  emptied  and  cleaned  By  running 
the  tank  for  a  week  and  not  emptying,  but  using  U  pounds  of  the 
bleaching  powder  at  night,  the  water  shotted  high  slat*  of  puri 
fication  By  sprinkling  the  pmvdrr  on  the  surface  and  allowing  it 
to  trickle  down  through  the  water  I  was  able  to  get  this  high  per- 
centage of  puriflcatirn.  In  the  matWr  of  the  swimming  rami  this 
treatment  is  so  simple  that  it  -'an  lie  put  into  the  hands  of  the 
night  watchman  »r  anylmdy  «>ke.  This  method  of  treatment  ha* 
two  important  factors,  simplicity  and  cheapness. 


-ting  factor,  a*  I  understand  it.  it  not  the.  ehlorine. 

i  the  oxygen.  This*  nascent  oxygen  is  practically  the  same  as 
r>ne.  and  the  prompt  freeing  of  the  oxygin  in  the  water  ami  its 
km  during  the  first  binges  nf  its  freedom  \  brlicvc  an*  fur  more* 
ive  than  at  a  later  time.    The  various  proeenea  of  mixing  the 

powder  in  the  tanks  before  distributing  to  the  water,  in  large 
iter  pnrinVatioii  plants,  while  effective  fmra  the  bacterial  stand- 

..  lint,  X  think  if  we  make  *perifi«  test*  on  specific  germa  WB  wmM 
d  that  the  bacterial  efficiency  will  be  greater  when  the  oxygen 

i  frtab.  that  is  when  the  bleaching  powder  is  just  put  into  the 
atcr.  Therefore  T  believe  that  throwing  it  np« m  the  surface  of  the 
iter,  p^r-rtiltt ins-  it  hi  mk  down  r1"— !y.  as  in  the  swimming  pool 
the  time  going  into  solution  a  1  the  time  freeinj?  this  nas* 
Jit  oxygen,  is  thit  better  wav  i  quantity  of  freshly  free.  I 

iuih  of  oxygtt,  I  believe  is  live  to  disinfecting  than  is 

ie  hypochlorite  that  had  be*  red  in  the  water  for  som** 
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Prof  raw  Whtsknr;    I  should  like  to  ask  one  question  of  P1 
'ssor  Burragc.    I  noticed  that  he  expressed  an  opinion  that  t 
►lion  was  due  to  Mat&Ol  oxygen.    I  should  like  to  know  juat 
v  evid.'o«-e  realh  is  fop  that  idea     Of  course   it  is  in  general 

tklizinsr  action,  but  do  we  know  that  the  liberation  of  oxygen  takes 

[►lace  hi  the  water  rather  than  in  the  bodies  of  the  bacteria. 

Professor  Burrnqt :  The  reason  for  the  oxygen  being  regaraea 
as  the  active  agent  is  that  you  can  get  the  bleaching  effect  with 
using  oxygen  and  without  any  chlorine  at  all.  and  I  think  from  the 
fact  that  bleaching  powder  has  been  used  a.s  a  bleaching  agent  the 
bleaching  effect  has  been  laid  to  the  door  of  the  chlorine,  whereas 
the  actual  bleaching  agent  is  the  oxygen:  and  in  regard  to  its  ac- 
tion on  the  bacteria,  the  oxygen  is  the  thing  that  is  left  free  in  the 
water.  You  take  the  hypoehlorous  acid.  It  dissolves  in  the  water, 
freeing  the  chlorine  for  a  moment,  and  that  unites  immediately 
with  the  water  to  form  hydrochloric  acid,  and  that  unites  with  some 
of  the  akbilinity  there,  and  the  oxygen  is  the  thing  that  is  left  to 
do  the  oxidizing  of  the  organic  matter  and  the  bacteria.  Just  what 
tlni  action  on  the  protoplasm  is  I  do  not  know. 
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